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Clinical Significance 


By virtue of its dual capacity to reduce blood pressure and yet in- 
crease blood flow through the kidney, Apresoline provides a new 
and improved approach to the medical management of hypertensive 
disorders. Its value is augmented by its tendency to cause significant 
relaxation of cerebral vascular tone in hypertensive patients, oral as 
well as parenteral effectiveness, and relatively low toxicity. 


Indications 


Apresoline has proved therapeutically useful in widely differing 
forms of hypertensive disease. The drug is of distinct value in essen- 
tial and early malignant hypertension, its effectiveness often being 
more marked in the severe (although not terminal) phases of these 
disorders. It is also most effective in hypertension persisting or 
recurring after sympathectomy. 


Preliminary studies indicate that worthwhile results also may be ex- 
pected in toxemias of pregnancy and in acute glomerulonephritis. When 
renal damage is advanced, as in chronic renal hypertension and 
chronic glomerulonephritis, the value of the drug is considerably less, 
and it may be hazardous if not used with extreme caution and 
constant observation. 


Administration 


Before prescribing or administering Apresoline, it is essential that 
the physician thoroughly familiarize himself with the characteristics 
of the drug. The benefit derived from Apresoline by the patient is 
dependent in vital degree upon the most meticulous attention to 
individualization of administration, dosage, and its adjustment in 
accordance with response. 


Apresoline, like any hypotensive agent, should be used only with extreme 


caution in patients with coronary artery disease, advanced renal damage, 
and existing or incipient cerebral vascular accidents 


For complete information on Apresoline, 
contact the Ciba Professional Service 
Representative or write the Medical Service 
Division, Ciba Pharmaceutical Products, Inc., 
Summit, New Jersey. 
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DH-Alkaloids of Ergot Open Further Areas 
for Applied Research 


Chemical research has made available a new 
set of pharmacologically interesting agents. 


This development evolved in two steps: 
Practionation of the substance known 
as “ergotoxine’ yielded three separate 
and distinct alkaloids: ergocornine, 
ergocristine and ergokryptine 


By hydrogenation dihydro-derivatives 
have been produced. These compounds 
present a new realm of pharmacologic 
properties and clinical potentialities 


PHARMACOLOGIC PROPERTIES 

Studies to-date with an equi-proportional mixture 
of the three dihydro-alkaloids (available as Hyder- 
gine*) have disclosed the following actions: 


(a) Central Actions - 
(1) sedative effect 


(2) dampening of impulses 
from vasomotor center 


(b) Vagal Action 
producing bradycardia 


) Pe riphe ral Action 


adrenergic blockade 


Further observations show that in therapeutic 
dosage range the DH-ergot-alkaloids selectively 
inhibit sympathetic vaso-constrictor impulses with- 
out modifying other adrenergic function and the 


response to vasodilator mechanisms 


CLINICAL ASPECTS 

Studies, thus far reported, demonstrate the value 
of Hydergine in therapy of peripheral vascular 
diseases and hypertension. (See information be- 


cc ampu va dihydroergocor 
nine, dibydroerg dihydivcrgokryptine 


Ol mp of cat 


low.) The possibility of therapeutic value in 
various other conditions is still open for final 
evaluation; for instance in: 


(a) trench foot, frost-bite, chilblains 
(b) angina pectoris 
(c) toxemia of pregnancy 


(d) postoperative gastro- 
intestinal atony 


pheochromocytoma 


({) potentiation of barbiturate 
sedation 


For additional information, contact the Research 
Department at address given below. 


Articles on hypertension and peripheral vas- 
cular diseases report the following clinical bene- 
fits with Hydergine: 


H) pertension — lowers blood pressure ; 
relieves headaches, nervousness, dizzi- 
ness (by improving cerebral circula- 
tion) ; decreases heart-load by produc- 
ing bradycardia, 


Peripheral Vascular Diseases — im- 
proves collateral circulation; helps re- 
duce tissue necrosis; may be used in 
conjunction with sympathectomy. 


Reprints and abstracts of published reports dealing 
with these indications are available on request ; 


write to 


Sandoz 


DIVISION OF SANDOZ CHEMICAL WORKS, INC. 
o8 CHARLTON STREET, NEW YORK 14, N. Y. 
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Dihydrostreptomycin Sulfate J 


A drug of Choice 


Numerous studies by leading clinicians confirm that 

Crystalline Dihydrostreptomycin Sulfate is as effective i 
as streptomycin, minimizes pain and swelling at the wn Tuberculosis 
site of injection, and may be used even in some patients 

allergic to streptomycin. 


Furthermore, extensive comparative investigations 
have proved Crystalline Dihydrostreptomycin Sulfate 
Merck less toxic to the vestibular system. In addition 
to the dry form, this preferred product is available also 


in a convenient, ready-to-inject form as SOLUTION Of 
CRYSTALLINE DIHYDROSTREPTOMYCIN SULFATE 
MERCK. 


PARA-AMINOSALICYLIC ACID MERCK (PAS), when 
used in combination with Crystalline Dihydrostrepto- 
mycin Sulfate Merck, prolongs the effective period of 
antibiotic therapy by inhibiting or delaying the devel- 
opment of bacterial resistance. 


BEFORE TREAIMENI 


(4 days prior to Dihydrostreptomycin thera- 
py) Diffuse lobular tuberculous pneumonia, 
lower half of left lung; thin-walled cavity 
above hilus (3 x 3.5 cm). 


AFTER 3 MONTHS’ TREATMENI 


(2 days after discontinuance of Dihydro- 
streptomycin) Considerable clearing of acute 
exudative process in the diseased lung ; cavity 
smaller and wall thinner, 


CRYSTALLINE DIHYDROSTREPTOMYCIN 
SULFATE MERCK 


MERCK & CO., INc. 


Manufacturing Chemists 
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NE WwW 


Montreal 


tm Canada: MERCK 4 CO. Limited 
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pains 


of angina pectoris 


and other 


vascular Spasms are 


preventable 


with 


(DIOXYLINE PHOSPHATE, LILLY) 


Usctul both as a vasodilator and as an 
antispasmodic, ‘Paveril Phosphate’ 
Dioxvline Phosphate, Lilly) is espe- 
ially valuable in the control of angina 
pectoris, coronary occlusion, and periph- 
eral or pulmonary embolism. ‘Paveril 
Phosphate’ has even a wider margin of 
satety and still greater freedom trom 
side-effects than papaverine, which it 
resembles therapeutically. Furthermore, 
since it does not cause addiction and is 
not a constituent of opium, this useful 
synthetic may be obtained conveniently 
without the bother of narcotic forms. 
Supplied in tablets, 1 1 2 grains (0.1 


Gm.) and 3 grains (0.2 Gm.). 


EL! LILLY AND COMPANY - Indianapolis 6, Indiana, U.S.A. 
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Estimation of hepatic blood flow by the bromsul- 
phalein method appears to be based upon meager 
experimental evidence. Bradley, Ingelfinger, 
Bradley, and Curry (1) proposed a formula for 
the estimation of hepatic blood flow in man by 
measuring the hepatic extraction of bromsulpha- 
lein. Myers (2) compared the hepatic blood flow 
obtained by this method with the hepatic flow de- 
termined by urea formation. These two widely 
different methods yielded comparable estimates 
of hepatic blood flow. Sherlock, Bearn, Billing, 
and Paterson (3) have questioned the bromsul- 
phalein method and have pointed out the consider- 
able difficulties that can be experienced in the esti- 
mation of hepatic blood flow. Cohn and associ- 
ates (4, 5) believed the high rate of extrahepatic 
removal of intravenously injected bromsulphalein 
invalidated the use of this substance for measuring 
hepatic blood flow. There is a need, therefore, for 
re-evaluation of the bromsulphalein extraction 
method of estimating hepatic blood flow. The 
reproducibility of hepatic blood flow measure- 
ments in a single animal and in a group of animals 
must be determined and the data so obtained sub- 
jected to analysis for statistical significance. 


METHODS 


Adult mongrel dogs, fasted 20 hours previous to ex- 
perimentation, were anesthetized by the intravenous in- 
jection of 30 mg. nembutal/Kg. body weight. Under 
fluoroscopic guidance catheters were put through the 
right external jugular vein into a hepatic vein and the 
right ventricle. After the hepatic catheter was in posi- 
tion it was withdrawn slightly, still under fluoroscopic 
observation, to insure ease of sampling. Both the hepatic 
and right heart catheters were checked fluoroscopically 
after the bromsulphalein infusion was ended. In some 
instances catheters were placed in different hepatic veins. 


1 This work was supported by a grant from The Life 
Insurance Medical Research Fund. 

2A preliminary report was given at the meeting of the 
Federation of American Societies for Experimental Biol- 
ogy, May 2, 1951. 
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An indwelling needle or catheter was also placed in a 
branch of the femoral artery. All animals were hepari- 
nized, 5 mg./Kg. Blood pressures were recorded con- 
tinuously by Statham strain gauges simultaneously from 
the femoral artery, right heart, and hepatic vein. A 
priming dose of bromsulphalein (BSP) was administered 
to raise the plasma level rapidly and to shorten the time 
required for equilibration. The priming dose of BSP 
was followed immediately by infusion of BSP at a con- 
stant rate for a period of 80 minutes. 

In order to maintain a peripheral BSP concentra- 
tion of less than 1 mg. per cent or greater than 1 mg. 
per cent, two rates or two concentrations of BSP in- 
fusiors were given. The flow was controlled by the 
use of a Graubard Peterson flowrator. A sample of the 
infusion fluid was always taken for later analysis. 
Hepatic venous and peripheral arterial samples were 
withdrawn simultaneously at 10-minute intervals dur- 
ing the 40 to 80 minutes of each observation. 

Five ml. of blood were collected in a dry syringe fol- 
lowing preliminary flushing of the catheter by with- 
drawal of several ml. of blood. Hemolyzed samples were 
discarded. The hematocrit value was determined by the 
usual Wintrobe tube technique from samples of blood 
obtained at the midpoint of measurements of hepatic 
blood flow. Blood samples were also obtained from the 
femoral artery and right heart for the estimation of 
cardiac output by the Fick principle 60 minutes after the 
infusion had begun. The data on blood pressures and 
cardiac outputs are being reported in a separate com- 
munication. At the end of each period of observation in- 
cisions were sutured, 300,000 units of procaine penicillin 
administered and the dog returned to its cage. No ani- 
mal was employed either for other observations or re- 
peated hepatic observations until at least two or more 
weeks had elapsed. 

BSP was measured colorimetrically in the macro unit 
of the Evelyn photoelectric colorimeter using filter 580. 
The calibration curve and the BSP solutions employed 
in all experiments were prepared from pure BSP powder 
(Hynson, Westcott, and Dunning). 

One ml. of plasma was pipetted into an Evelyn colorim- 
eter tube and the volume made up to 10 ml. with isotonic 
saline. After the initial “blank” reading, 2 drops of con- 
centrated NaOH were added, the mixture well agitated, 
and a reading taken within one minute of adding the 
alkali. The BSP concentration was obtained from the 
galvanometer reading and the calibration curve. All de- 
terminations were made in duplicate. 
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TABLE I 
Estimated hepatic blood flow in the anesthetized dog 


The infusions in 49 observations#* on 17 animals ranged 
from 0,43-3.25 mg. BSP/min. with a mean infusion rate of 
1.73 mg. BSP/min, (S.E. 0.05), equivalent to 0.1] mg. 
3SP/Kg./min. (S.E. 0.03). 


Blood Flow 
Mean Standard Error 


Range 


16 to 111 42 2.9 
L95 to 3130 1140 78 
252 to 1878 690 S2 


ml./Ke./min. 
nl. /M2/min. 
ml./dog/min. 


**each observation represents the mean value obtained 
from 3 to 6 sampling periods. 


CALCULATIONS 


When the infusion rate of BSP was such as to main- 
tain a constant blood level (P), the infusion rate was 
considered to be equivalent to removal (R) of BSP and 
then the Fick principle could be applied. Estimated he- 
patic blood (E.H.B.F.) was calculated by the 
method of Bradley and associates (1) by the following 
formula: 


flow 


E.H.B.F. = —— 
0.01 (P — H) 1 — hematocrit 
where P represents the concentration of BSP in mg./100 
ml. in the afferent hepatic blood and H the concentration 
in the efferent hepatic blood. Hepatic blood flow was 
calculated only from those 10-minute sampling periods 
where the level of BSP in the peripheral blood was 
constant or changing less than 0.0005 mg./ml./min. The 
BSP values utilized for the calculation of changing levels 
were interpolated midpoints on concentration curves of 
measured values. From three to five calculations were 
made from successive 10-minute sampling periods during 
The average of these 10-minute sam- 
pling periods was used to represent the E.H.B.F. of each 
observation. These averages were utilized in the cal- 
culations of the mean estimated hepatic blood flow. 


each observation. 


RESULTS 


The mean estimated hepatic flow was deter- 
mined to be 690 ml./dog/min. in 49 observations 
on 17 animals, This was equivalent to 42 ml./ 
Kg./min. or 1,140 ml./M?/min. (Table I). 
Equilibrium of BSP in the peripheral blood usu- 
ally had occurred by the time the first sample was 
taken 40 minutes after infusion had begun. 

The mean extraction of BSP by the liver for 
all observations was 34 per cent with a range of 
from 9 to 63 per cent. The percentage extraction 


8A table of detailed data for this paper has been de- 
posited with the American Documentation Institute, 1719 
N Street, N. W., Washington 6, D. C. 


AND STEVEN M. 


HORVATH 


of BSP was not significantly greater at lower than 
at higher peripheral BSP levels (Figure 1). 

The livers of the dogs used in these observations 
were not weighed immediately after the observa- 
tion period but autopsy records in this laboratory 
showed a liver weight averaging 3 per cent of the 
dog’s body weight. The blood flow calculated on 
the basis of a liver weight of 3 per cent of body 
weight ranged from 57 to 358 ml./100 gr. liver/ 
min. with a mean value of 140 ml./100 gr. liver/ 
min., S.E. 8.2. 

The reproducibility of E.H.B.F. in any one dog 
was determined. In comparison with the larger 
series of 49 observations on 17 dogs, the general 
reproducibility for any one dog was poor. How- 
ever, in a few instances remarkably good agree- 
ment was obtained (Table IT). 

Catheters were placed in hepatic veins in the left 
lateral and right lateral lobes of the liver in order 
to estimate hepatic flow. Blood samples obtained 
from these two sampling sites were found to have 
approximately the same BSP concentration, and 
the calculated hepatic blood flows were similar. 


percent Extraction 


10 


500 7.00 


100 300 
Peripheral BSP - mq percent 
Fic. 1. Tue RELATIONSHIP OF PERIPHERAL BROoMSUL- 
PHALEIN VALUES TO THE Per CENT EXTRACTION BY THE 
LIvER 
The trend line as obtained by the method of least 
squares is y = — 2x + 37.5. 
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TABLE II 


Reproducibility of estimated blood flow measurement in 
the dog 


Weight No. of Mean E.H.B.F. 


Dog no. Kg. observations ml./Ke./min. 
12.4 7 43 4.2 
47 13.3 6 26 2.2 
u8 19.2 33 Leu 
ub 15.2 L 50 6.5 
32 16.9 3 43 8.) 
55 20.3 3 Lo 6.9 
56 19.0 3 L9 8.7 
36 18.0 2 37 0.1 
43 14.6 2 33.5 3.5 
52 18.8 2 23.5 6.5 
53 14.9 2 28.5 2.5 


These latter values fell within the statistical range 
reported above. The exact hepatic vein utilized to 
obtain hepatic blood samples does not appear to 
be of much consequence in explaining the vari- 
ability of E.H.B.F. 

Extreme variability was observed between any 
two compared 10-minute sampling periods. A\I- 
though it was hoped the dogs would be maintained 
in a relatively constant state by the anesthesia, a 
mean range of change of 11 to 17.5 per cent was 
found (Table III). The lowest to the highest 
values during the three or more sampling periods 
were analyzed in order to determine the maxi- 
mum in the variability. A mean difference of 29 
per cent was found. The lowest E.H.B.F. did 
not necessarily occur in the 40/50-minute sam- 
pling period nor the highest in the 70/80-minute 
sampling period, nor vice versa, but could occur 
in any sampling period. The variations in the 
10-minute blood samples were prima,ily due to 
variations in hepatic venous BSP concentration 
and to a lesser extent to changes in arterial BSP 
concentration. 

An infusion of either a low concentration of 
BSP or of a high concentration of BSP was given 


TABLE III 


Comparison of estimated blood flows during various 10- 
minute sampling periods 


Sampling periods compared Mean difference Maximum range of difference 
per cent per cent 


40/50 min. to 50/60 min. 13 =35 to +62 
40/50 min. to 60/70 min. 15.5 =28 to 57 
10/50 min. to 70/80 min. 17.5 to +57 
50/60 min, to 60/70 min. 11 to ob? 
50/60 min. to 70/80 min. 17 Sk to +38 
60/70 min. to 70/80 min. 1 “LS to 036 
period with 4, period with 29 0 to «119 


lowest EHRF highest EHSF 


TABLE IV 


Comparison of estimated hepatic blood flow when there 
was marked difference in the peripheral bromsulphalein 
concentration 


Peripheral BSP Concentrations 
tan tan 


1 mg. per cent 1 mg. per cent 


No. of observations 27 18 
ml. /¥2/min. 1040 1311 
S.E. 85 100 
t value 2.1 


in an attempt to produce a peripheral concentra- 
tion of greater than 1 mg. per cent with high in- 
fusion rates or concentrations and less than 1 mg. 
per cent with low infusions. A comparison was 
made when the hepatic blood flows were divided 


into two groups based on these two levels of , 


peripheral BSP concentration. The difference in 
blood flow was significant within the 5 per cent 
level (Table IV, Figure 2). It was possible to 
evaluate nine paired samples of data from dogs 
that were given both high and low infusions of 


2200 
ee 
1800 
. 
1800 F- 


1000 ye y= 1321 


EHBF - mi/M*/min 
O 


° 1.00 200 3.00 400 5 
Peripheral BSP - mg percent 


Fic. 2. THe RELATIONSHIP OF PERIPHERAL BROMSUL- 
PHALEIN VALUES TO THE EstiIMaATeD Hepatic BLoop 
FLow 

The trend line was obtained by the method of least 
squares, y = — 161x + 1,32], 


ey 
e | 
| 
| 4 
| 
< 
0 


HORVATH 


M. 


vA 
< 


WERNER 


ATTIE YVONNE 


t8 


Ul OOL-OF 


("sqo £) $8-97 
8 


O79-TST 
OLE-8TF 
068-$S9 poy 
7SS-8OF posses 


oneday 
ulaa 


007-08 


719-997 
oeday 
ulaa 


OL 
OOF-TS 
SOL-TFZ 
TOT oneday 
ulaa 
asuny 


GSA 


ayn wos4s¢ 
pue 


ayn 
Poin 


pesnseow pue 
Pax por NG 


43 OO] ‘moy 


pezn 


seuy 


jo enbruyoe] 


19 
anoy 


sAep ¢ 


sUuOTIBA 
-asqo 
jo *o 


(£1) uuryy 
pure 


(Q]) pue 
‘xassy 
(ST) sapyeg pure 

xassy 
(pl 
ulay pure ‘uassurf ‘qeiny 


(Z1) 

({]) pue 
pure 

(6) pue quioosdi’] 


(g) pur 


(L ‘9) 


Sop ay} ur poorg fo sjuamaansvayy 


A 


a 
436 = 
20 
2) 
= 
- 
_——<$——$?$ 
| | 
| 
| = mo a 
. 
| 
— 
| 
| 
| o ote 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| | 
| 
| 
| 
|| 


BSP on the same day. The E.H.B.F. was cal- 
culated to be 1,146 ml./M?/min. with a peripheral 
BSP concentration of greater than 1 mg. per 
cent. When the peripheral BSP concentration 
was less than 1 mg. per cent, the E.H.B.F. was 
calculated to be 1,211 ml./M?/min. The mean 
difference in flow between the two peripheral lev- 
els was 65 ml. with a standard error of 1.08 and a 
t value of 0.60. Therefore, the slightly signifi- 
cant difference found on analysis of all samples 
was not confirmed when paired data were ana- 
lyzed. 

The data were subjected to further statistical 
analysis according to whether the infusion was 
greater or less than 0.10 mg./Kg./min. In 15 
paired samples, the E.H.B.F. was 1,016 ml./M?/ 
min. with an infusion of greater than 0.10 mg./ 
Kg./min. When the infusion was less than 0.10 
mg./Kg./min., the E.H.B.F. was 1,079 ml./M?/ 
min. The mean difference in flow between the two 
infusion levels was 63 ml. with a standard error 
of 0.81 and a t value of 0.8. 


DISCUSSION 


Hepatic blood flow determined in anesthetized 
dogs by methods other than the bromsulphalein 
extraction method has averaged around 375 ml./ 
min. (Table V). Grindlay, Herrick, and Mann 
(17) reported hepatic blood flow in the dog to 
average 23 ml./Kg./min. without anesthesia and 
22.6 ml./Kg./min. with anesthesia. Habif and 
associates (18) measured hepatic blood flow in 
two patients before and during thiopental anes- 
thesia and found a decreased hepatic flow in one 
and an increased hepatic flow in the other, while 
three other patients under cyclopropane anesthesia 
showed a reduced hepatic flow. The range of 
hepatic flow in anesthetized dogs was rather large 
as determined by one technique such as the ther- 
mostromuhr or by several methods such as direct 
collection of blood, stromuhr, and thermostromuhr. 
The mean flows ranged from 23 to 39.5 ml./Kg./ 
min. and from 8&4 to 95 ml./100 gr. liver/min. 
Because of the wide range observed with these 
several methods it is probable that this range rep- 
resents spontaneous variations in blood flow rather 
than variations in measurement due to the method 
employed. The values being reported for anes- 
thetized dogs by the bromsulphalein extraction 
method are in excess of those obtained with other 
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techniques (Table V). Lorber and co-workers 
(19, 20) have pointed out that BSP is found in 
the portal and hepatic veins and femoral artery 
after duodenal instillation of BSP suggesting that 
the amount of BSP normally excreted into the in- 
testine via the bile must be considered in any 
evaluation of techniques using BSP. However, 
Owen (21) found no BSP in the peripheral blood 
after gastric or duodenal instillation of BSP. 
Cohn and associates (4, 5) have found that only 
50 per cent of BSP infused into an eviscerate- 
hepatectomized-nephrectomized preparation re- 
mained 60 minutes later. 

Preliminary experiments in this laboratory indi- 
cated that the extrahepatic removal of BSP was 
approximately 20 per cent, which is in agreement 
with the data of Brauer and Pessotti (22). Cor- 
recting the data obtained by the BSP method for 
this 20 per cent loss of the dye from the peripheral 
blood, the hepatic blood flow would be 24.5 ml./ 
Kg./min. This is equivalent to 403 ml./dog/min., 
665 ml./M?/min. and 82 ml./100 gr. liver/min. 
These corrected values are in close agreement 
with those obtained by other methods. 

There was no difference in hepatic blood flow 
when the peripheral BSP concentration was 
greater or less than 1 mg. per cent. These re- 
sults are in marked contrast to those presented for 
man by Sherlock and co-workers (3). These in- 
vestigators pointed out that when the peripheral 
concentration of BSP was less than 1 mg. per cent, 
calculated hepatic blood flow appeared to be too 
great. This blood flow was almost twice that cal- 
culated when the peripheral BSP concentration 
was above 1 mg. per cent. 
made that at low levels of BSP concentration ex- 
trahepatic withdrawal might be a serious source 
of error. Ingelfinger (23) stated that the greatest 
error in calculating hepatic blood flow by the brom- 
sulphalein method might occur at high peripheral 
BSP levels. The hepatic flow values reported 
here for the dog indicated that differences in flow 
were not due to different peripheral BSP levels. 
There was poor correlation between the peripheral 
BSP level and the E.H.B.F. in the dog, as Sher- 
lock and associates (3) have shown to be true 
also for man. The percentage extraction of BSP 
was not significantly greater at lower peripheral 
BSP levels in the dog, unlike the correlation 
found in man (3). 


The suggestion was 
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The variations in hepatic blood flow determined 
by the BSP method are great. 
variations 


Secause of these 
several 10-minute sampling periods 
must be used to evaluate blood flow. A single 10- 
The vari- 
ation in flow which occurs may be explained either 
by a lack of sensitivity inherent in the method or 


minute sampling period is inadequate. 


by spontaneous variations in the normal state of the 
animals. Regardless of difficulties due to method- 
needed for extra- 
hepatic dye loss, the method appears valid within 
determined statistical Therefore, it is 
suggested that normal hepatic blood flow in dogs 
Cor- 
blood flow measurement is in agreement 


ology, such as. corrections 


ranges. 


is subject to wide spontaneous variations. 
rected 
with hepatic flow studies determined by the ther- 
mostromuhr and other methods (7, 11, 16, 17). 

The extreme variation in the hepatic flow 
even in the anesthetized dog may be due in part 
to the sphincter mechanism described in the dog 
24), which may or may not be present in man. 
Several studies have indicated an intermittent and 
irregular rhythmicity of hepatic blood flow which 
Grindlay, Herrick, and Mann (17) showed may 
be due to alternate storage and discharge of blood 
by the liver. 

Caution must be employed in any evaluation of 
hepatic blood flow measured by the BSP method. 


Since normal hepatic flow in the dog is subject 


to wide spontaneous variation, it is valid to evalu- 
ate changes in flow produced by drugs or by 
stimulation only when the changes observed are 
statistically different from control blood flow. 


CONCLUSIONS 


1. The estimated hepatic blood flow (E.H. 
B.F.) has been determined in 49 observations on 
17 anesthetized dogs by the bromsulphalein (BSP) 
extraction method using hepatic vein catheteriza- 
tion. The mean E.H.B.F. was found to be 42 ml./ 
Kg./min., S.E. 2.9. This is equivalent to 690 ml./ 
dog/min., 1,140 ml./M?/min. or 140 ml./100 gr. 
liver/min. These figures are too high apparently 
due to extrahepatic loss of BSP. 

2. Deviations in hepatic flow determined from 
different sampling sites in the liver do not appear 
to exceed changes in hepatic flow from animal to 
animal or in the same animal on different oc- 
casions. 
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3. Differences in peripheral BSP concentration 
or differences in rates and concentrations of BSP 
infusion cause no significant difference in hepatic 
blood flow determinations. 

4. Hepatic blood flow is subject to wide spon- 
taneous variation. A single observation represents 
only the blood flow under conditions during that 
period of observation. 
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siochemical studies directed toward finding a 
difference in the blood composition of normal and 
epileptic subjects have thus far been unfruitful. 
In the course of other studies at this laboratory 
(1), it was observed that the pattern of change 
in the plasma potassium level after an injection of 
epinephrine in a subject afflicted with epilepsy was 
different from that found in normal subjects simi- 
larly treated. An investigation was therefore un- 
dertaken to measure the changes in the concen- 
tration of plasma potassium, sodium and glucose at 
several time-intervals after an injection of epineph- 
rine in epileptic patients and in normal human 
subjects. The results of this investigation showed 
that there was a significant difference in the pat- 
tern and extent of change in the plasma potassium 
level of epileptic subjects compared to normals 
administration — of 


subsequent to epinephrine. 


There was no difference in the plasma sodium lev- 
els and only a probably significant difference in 


the extent of change in the plasma glucose level. 


MATERIALS AND METHODS 


Normal humans and patients with idiopathic epilepsy 
of both sexes were the subjects of this study. They were 
not told the nature of the tests to be performed except 
that blood taken 
for analyses. Eight of the subjects were patients of local 
physicians and_ five 
Craig Colony, N. Yo! 
prescribed amounts of one of the several anti-convulsant 
drugs and/or phenobarbital for one to 
All of the epileptic subjects were well nourished indi- 
viduals with no other complaints than their epileptic con- 
dition 


several venous samples were to be 


others were patients residing at 


These patients had been taking 


several years. 


They all were engaged in a variety of outdoor and 
indoor activities (three of the subjects were housewives ; 
three were attending Junior High School; three were 

1Grateful acknowledgment is made to Dr. Henry 
Brill, Medical Director, N. Y., of the 
State of New York Department of Mental Hygiene, and 
the Hospital staff for their cooperation 


Craig Colony, 


accepted February 25, 1952) 


engaged in light mechanical jobs; and five of the sub- 
jects performed a variety of custodial duties). The 
normal subjects in this study were members of the 
staffs of the hospital and laboratories. 

All of the tests were done in the morning with the 
subjects in a post-absorptive state. Immediately after 
the initial fasting blood sample had been obtained for 
the determination of baseline values, the subjects were 
given an intramuscular injection of 0.4 ml. of epinephrine 
(Adrenaline Chloride aq.; Parke, Davis & Co., 1: 1,000). 
Blood samples were then obtained without stasis from 
one of the antecubital veins at four, 20, 60, and 120 min- 
utes after the epinephrine injection. The blood was 
transferred to tubes containing 2 drops of heparin 
(Liqeamin, Organon, 10 mg./ml.) and immediately 
The plasma was immediately separated and 
aliquots taken for the various biochemical determinations. 
The plasma levels of sodium and potassium (m.eq./L) 
were determined with the aid of an internal standard 
lithium flame photometer using a dual-optical system of 
the type described by Berry, Chappell, and Barnes (2). 
Aliquots completely clear of hemolysis were used in these 
determinations. The plasma glucose levels (mg.%) were 
determined at first by the method of Somogyi-Schaffer- 
Hartmann (3) and then in most of the investigation by 
the photometric method of Kingsley and Reinhold (4). 


centrifuged. 


RESULTS 

The age, sex, number of grand mal seizures per 
month, and other information relevant to the epi- 
leptic subjects used in this study are shown in 
Table I. These subjects also experienced a num- 
ber of petit mal attacks each month. They had 
heen definitely diagnosed by their physicians as 
having idiopathic epilepsy. This was confirmed by 
the electroencephalograms * of all but one subject 
thus tested. 

The mein per cent change (+S. E.) in the 


? Grateful acknowledgment is made to Dr. Robert H. 
Israel, Superintendent, Warren State Hospital, Com- 
monwealth of Pennsylvania Department of Welfare, for 
recording and interpreting the electroencephalograms of 
several of the epileptic subjects. 
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TABLE I 
Pertinent data of epileptic subjects used in tests 


seizures E. E. G. tac 
Patient | Age} Sex per report Medication 
montht (wks.) 
Wi 62 | F 2-4 E. posit. 1 Dilantin 
12 | F 2-4 E. posit. 1 Dilantin 
Ben 13 | M 2-4 E. posit. 0.5 Dilantin 
Hu 36 | F 1 ? E. posit. _ Dil. and PhB. 
Go 11 |M 2 E. posit. 1 Dilantin 
Wa 22 | F 2 E. posit. 1 Dilantin 
Ro 24)M 3-5 No test 1 Dilantin 
Co 31 |M 3-4 E. posit. 0.5 Dilantin 
Ma 57 |M 1 ? Normal 4 None 
Man* | 28 | M 2 E. posit. 2 Dil. and PhB. 
Ron* | 32 | M 2 No test 2 Mes. -_ PhB. 
Mu* 47|M 3-4 No test 1 
Ca* 211M 2 No test 0.5 Dil. and PhB. 
Ha* 42 No test 1 Ph 


* Residents of Craig Colony. 
+ Grand Mal seizures. 

Dil. is Dilantin, Tid. 

Mes. is Mesantoin, Tid. 
PhB. is Phenobarbital, Tid. 


plasma potassium level at four, 20, 60, and 120 
minutes after epinephrine injection in the nor- 
mal and epileptic groups of subjects is shown in 
Table II. It is evident from an inspection of these 
data that the plasma potassium levels were differ- 
ent after epinephrine in the two groups of sub- 
jects. In the epileptic group the mean plasma 
potassium level was found to be depressed from 
the initial level at four minutes after the epi- 
nephrine and persisted thus for a relatively pro- 
longed time compared to the changes found in 
the normal group. Tests for statistical signifi- 
cance of the difference between the means of the 
two groups of subjects in each time-interval after 
epinephrine showed that the mean per cent change 
in the epileptic group was significantly different 
from the normals in ali the periods except 20 
minutes after epinephrine. It was in this pe- 


TABLE II 
The change in plasma potassium levels in normal and 
epileptic subjects following an intramuscular 
injection of epinephrine* 
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TABLE III 
The change in plasma sodium levels in normal and 
epileptic subjects following an intramuscular 
injection of epinephrine* 


Minutes after epinephrine injection 


Subjects 
4 20 60 120 
Normals +0.8 40.8 £0.5 +0.6 +0.5 +0.5+0.5 
Epileptics (15) | —0.4+0.7 +0.2 40.5 +0.3 +0.5 —0.6+0.7 


* 0.4 mg. epinephrine injected immediately after fasting 
blood sample was taken. 
Mean per cent change (+S. E.) from mean pre-injec- 
tion sodium level. 
“T”’ tests for difference between the means were not sig- 
nificant in all periods. 
Number of subjects in each group is in the parentheses. 


riod that the plasma potassium level in the nor- 
mal group was maximally depressed from the 
pre-injection level. 

In Table III is shown the mean per cent change 
(+S. E.) in the levels of plasma sodium at the 
several time-intervals after epinephrine in the 
two groups of subjects. It is apparent that the 
concentration of sodium was unchanged from the 
respective initial levels in both groups of subjects. 
The difference between the means of the two 
groups was not statistically different. 

The mean per cent change (+S. E.) in the 
levels of plasma glucose after epinephrine in the 
normal and epileptic groups is presented in Table 
IV. Inspection of these data show that both 
groups experienced a hyperglycemic response fol- 
lowing the epinephrine injection. Although the 
pattern of change was the same in both groups of 
subjects, it is apparent that the mean per cent 
change was greater in the normal group. Tests 
for statistical significance of the difference between 


TABLE IV 
The change in plasma glucose levels in normal and 
epileptic subjects following an intramuscular 
injection of epinephrine* 


Minutes after epinephrine injection 


Minutes after epinephrine injection 


Subjects Subjects 
4 20 60 120 4 20 60 120 
Normals (1/7) +1.641.1¢ | — 6541.3] +1.041.4 +6.7+2.6 Normals (11) +2.8240.9F | +42.445.3 | +49.04+6.7 | +11.244.6 
Epileptics (15) | —5.4+1.6$ | —10.241.7 | —7.741.73 | —2.8+1.6t Epileptics (15) | +2.4242.4 +31.5+6.5| + 1.1448 


* 0.4 mg. epinephrine injected immediately after fasting 
blood sample was taken. 

t Mean per cent change (+S. E.) from the pre-injection 
mean potassium level. 

t Value of “P” for difference between the means was 
significant (P = < 0.01 in each period). 

Number of subjects in each group is in the parentheses. 


* 0.4 mg. epinephrine injected immediately after fasting 
blood sample was taken. 

+ Mean per cent change (+S. E.) from the mean pre-in- 
jection glucose level. 

t Value of ‘‘P’’ of difference between the means. 

Number of subjects in each group is in the parentheses. 
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TABLE V 


The initial plasma potassium levels and levels of maximum 
change after an intramuscular injection of 0.4 mg. 
epinephrine in normal and epileptic subjects 


Normal subjects Epileptic subjects 


| 

| 

| | 
| 


Potassium (m.eqg./L) Potassium (m.eg./L) 


Before 
epinephrine) epinephrine 


After 
epinephrine 


Before 


epinephrine | 


¢ 
ow 


wrt 


ews 


4.374.10°| 4.084 4.514 


| 
| 
| 


3.804 =~ 13.6 


*Mean 25 
t Mean. 


the means of the two groups in each time-interval 
after epinephrine revealed that the difference was 
highly significant in the 20 minute period and 
probably significantly different (“P” equaled 0.06) 
in the 60 minute period. 

It is evident that the change in plasma potas- 
sium level after epinephrine was the only one of 
the three (change in plasma level of potassium, so- 
dium, glucose) which was significantly different 
in the epileptic group from that in the normal 
group. The data in Table V indicate that there 
was no difference between the post-absorptive 


TABLE VI 
The mean per cent changes in plasma potassium levels 
after a placebo injection® and after an injection 
of epinephrine in the same epileptic subjects 


Minutes after injection 


Injection 


| 4 120 

(7) —0.642.3t 

~§94+270 


0.042.7 
~48425 
0.2 


Placebo 
Epinephrine (7) 


*0.4 ml. of physiological saline was injected intramuscu- 
lar as the placebo; and 0.4 mg. of epinephrine (1: 1,000) 
was injected as the test agent. 

t Mean + S. E. 

¢ Value of “P” of the difference between the means. 

Number of subjects in each group is in parentheses. 
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plasma potassium levels in the normal and epi- 
leptic groups. It is also evident that there was 
a significant difference in the extent of maximum 
depression in the potassium level after epinephrine. 
These data therefore show that the initial po- 
tassium level could not have been a determinant 
factor in the difference between the two groups 
in the extent of plasma potassium change which 
was found after injection of epinephrine. 

In Table VI are presented the mean per cent 
changes in the plasma potassium level of several 
epileptic subjects determined after epinephrine 
and again after a placebo injection of an equal 
amount of physiological saline. The two tests were 
performed in the same individuals about two 
weeks apart. Inspection of these data show that 
placebo had not affected the potassium con- 
centration. This is obviously different from the 
relatively large depression in the plasma potas- 
sium level found in these same subjects after epi- 
nephrine administration, and significantly changed 
at 20 and 60 minutes. 


the 


DISCUSSION 


Several investigators have reported (5-7) 
the past that both epinephrine and insulin adminis- 
tration in man and animals were followed by a fall 
in the plasma potassium level at approximately 20 
minutes after their administration. The results 
presented in this paper showed that following an 
intramuscular injection of 0.4 mg. of epineph- 
rine, there was a significant difference in the pat- 
tern of change in potassium level and the extent 
of fall in potassium level in subjects with idiopathic 
epilepsy from that found in normal human sub- 
jects. The level of plasma sodium was not affected 
by epinephrine administration in either group of 
subjects. It is of interest that Holler, Burton, 
Dury, and Keutmann (8) found, in a group of 
Addisonian subjects, an extensive and prolonged 
depression of the potassium level after the in- 
jection of 0.4 mg. of epinephrine, which generally 
resembled the pattern of changes in potassium level 
presented here in the epileptic group. 

In a series of animal studies recently reported by 
Dury (9-11) it was shown that epinephrine in- 
duced a fall in plasma potassium level in normal, 
hypophysectomized, adrenalenucleated, and adre- 
nalectomized rats. It was also shown that epi- 
nephrine-pretreatment protected adrenalectomized 
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rats from an experimental procedure which in- 
duced a fatal hyperkalemia in untreated adrenal- 
ectomized rats. These data indicated that epi- 
nephrine’s effect upon the plasma potassium level 
did not require the mediation of the pituitary- 
adrenocortical system. The animal studies there- 
fore indicate that epinephrine is related to a fall 
in plasma potassium level, probably due to a spe- 
cific effect. The results presented here, showing 
a difference in the effect of epinephrine upon the 
plasma potassium level in normal and epileptic 
subjects, cannot, however, be explained from the 
data in this paper. However, a basis for ex- 
planation and speculation of this difference in po- 


tassium change in the normal and epileptic sub- 
jects is indicated by the results of a similar investi- 
gation in patients with Addison’s disease (8) and 
in certain animal studies (9, 10). Holler and as- 
sociates (8) found that the pattern of plasma po- 
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CIRCULATING EOSINOPHILES 
Two hours after 0.4 mg. epinephrine, I. M., in epileptic 
(open circles) and normal (closed circles) subjects; and 
three hours after 25 mg. ACTH in epileptics (represented 


by X). Solid bar indicates mean change. 
Statistical analysis of eosinophil data 
(% change after epinephrine) 
Normals | Epileptics | t | ore 
—59+8t | —3145 3.8 0.001 


* Level of significance of difference between the means. 
t Mean + S. E. 
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tassium change after epinephrine in Addisonian 
subjects was similar to that reported here for epi- 
leptic subjects, but the extent of change in the 
former group was greater. In the animal studies 
it had been noted that the extent of fall in po- 
tassium level 60 minutes after epinephrine was 
greater in adrenalectomized than in normal rats. 
Whether the difference in plasma potassium 
change after epinephrine in normal and epileptic 
subjects is related to a difference in the functional 
status of the adrenal cortex or some other fac- 
tor(s) must await further investigation. How- 
ever, evidence admittedly of a preliminary nature 
which suggests this area of relationship is pre- 
sented in Figure 1. The per cent change in the 
number of circulating eosinophiles is shown in the 
form of a scatter diagram for normal and epileptic 
subjects after epinephrine injection and after an 
injection of 25 mg. of ACTH. The eosinophiles 
were enumerated by the method of Randolph 
(12). Statistical analysis of the results showed 
that the mean per cent change was significantly 
lower in the epileptic group compared to the re- 
sponse obtained in the normal group. It is note- 
worthy that Aird and Gordon (13) recently re- 
ported that the frequency of epileptic seizures was 
decreased in epileptics treated with desoxycorti- 
costerone. 


SUMMARY 


The changes in plasma levels of potassium, so- 
dium, and glucose at four, 20, 60, and 120 min- 
utes after an intramuscular injection of 0.4 mg. 
of epinephrine were determined in a group of 
normal human subjects and a group of subjects 
with idiopathic epilepsy. 

It was shown that following the epinephrine 
administration there was a significant difference 
in the extent of plasma potassium fall and the pat- 
tern of change in the epileptic group as compared 
to that in the normal group. The plasma sodium 
levels were not affected in either group. A pos- 
sible area which suggests a basis for an explana- 
tion of the results was discussed. 
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RENAL CLEARANCES OF GRASS POLYSACCHARIDE: OBSERVA- 
TIONS ON GLOMERULAR POROSITY AND ON THE RE- 


LATION OF THIS FUNCTION TO PROTEINURIA 


IN RENAL DISEASE 


By J. BEATTIE? ano A. C. CORCORAN 


(From the Research Division of the Cleveland Clinic Foundation and the Frank E. Bunts 


Dr. D. J. Bell, Biochemical Laboratory, Cam- 
bridge, drew our attention in 1948 to a fructosan 
polysaccharide (levan) prepared from Italian rye 
grass. It is readily soluble in cold water, yields 
levulose on acid hydrolysis and is not metabolized. 
At that time, the fructosan was believed to be a 
homogeneous substance with a molecular weight 
somewhat greater than that of inulin, so that the 
suggestion was made that it might replace inulin 
in the measurement of glomerular filtration rate. 
It has since (see below) been shown to be inho- 
mogeneous. Thus, this report deals with the ex- 
cretion characteristics of this dispersed polymer 
in normal unanesthetized dogs and in normal and 
abnormal human subjects. 


METHODS 


1. Preparation of the grass polysaccharide 

The polysaccharide was isolated from a pure strain 
of Italian rye grass grown at the Hannah Dairy Research 
Institute, Scotland. The grass was cut in June 1948, and 
dried immediately. Details of the extraction method are 
given by Palmer (1). 


2. Determination of the polysaccharide in plasma and 
urine 

The polysaccharide was estimated in diluted urine and 
in deproteinized plasma filtrates by an adaptation of the 
inulin method of Harrison (2). Preparation of suitable 
protein-free plasma filtrates was at first difficult. Re- 
coveries of the material from filtrates prepared by the 
use of cadmium sulfate and sodium hydroxide or of 
barium hydroxide and zinc sulfate were irregularly in- 
complete, ranging between 80 and 100 per cent. The 
Folin Wu method was not satisfactory in other re- 
spects. We turned to the acid zinc sulfate sodium hy- 
droxide method of Somogyi (3); 100 ml. of acid zinc 
reagent were diluted to 212 ml. with water. This gave 
satisfactory recoveries at plasma dilutions of 1-20. Re- 
coveries ranged from 96-102 per cent at plasma concen- 
trations between 20 and 40 mg. per cent. Appropriate 
corrections were made for plasma and urinary blanks. 


1 Present address: Physiological Laboratories, Cam- 
bridge, England. 


Educational Institute, Cleveland, Ohio) 


(Submitted for publication November 8, 1951; accepted March 3, 1952) 
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3. Dog clearance techniques 

(a) Single injections: Trained unanesthetized dogs 
were given 300 ml. of 0.3 per cent NaCl by stomach tube 
30 minutes before the test. Test materials were injected 
intravenously at a rate of about 30 ml. per minute as 50 
ml. of a solution containing 2 or 5 gm. each of polysac- 
charide and creatinine. Samples of blood and urine 
were collected at intervals, at first of five and 10 min- 
utes and then at longer intervals over four to six hours. 
Plasma concentrations were calculated by interpolation 
to the mid point of each period of urine collection from a 
semilogarithmic graph of the determined concentrations, 
and these estimates were used in the calculation of plasma 
clearances. 

(b) Continuous infusion method: A small plastic cathe- 
ter was placed in the femoral vein and 30 ml. of priming 
solution, containing usually 1 gm. each of polysaccharide 
and creatinine and 4 gm. of mannitol, were injected rap- 
idly. This was followed by a sustaining solution contain- 
ing saline and given at a rate of about 1 ml. per minute. 
The bladder was rinsed with saline 15 minutes after com- 
pletion of the priming injection; this was noted as zero 
time. Urine samples were collected at intervals of 10 
to 15 minutes and combined with the saline bladder rinses 
(30-50 ml.). Samples of venous blood were collected 
near the mid points of each urine collection. This rou- 
tine was varied in detail (concentration of polysaccharide, 
rate of infusion and intervals of collection) in some 
experiments. 

4. Clearance techniques in human subjects 

The methods, except for addition of polysaccharide to 
the priming and sustaining media in amounts of 3 and 5 
gm., respectively, are those described elsewhere (4) for 
the determination of plasma clearances of mannitol (Cw) 
and p-aminohippurate (Cran). Some of the observations 
in patients include only the three periods of urine col- 
lection used in the measurement of PAH clearance at 
low plasma levels. PAH was omitted from most of the 
infusions used in normal subjects. 


RESULTS 
1. Experiments in dogs 


(a) Single injection method: The ratio of poly- 
saccharide (P) to creatinine (Cr) clearance (C) 
decreased progressively after injection. The poly- 
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TABLE I 


Excretions of  setictcaiasnahaeed and creatinine in dog 


Urinary content 
Time after 


Urine sample no injection 


Plasma concentration 


| 
Plasma clearance | 
(mg. per min.) 


00 mi.) Clearance 


ratio 


(mg. per 


(mins.) 


| 

| 

P 
| 


Cp/Ccr 


P Cr Cr 


(a) Single injection 


11-16-49 
558 
361 
330 
215 
420 
454 
345 
305 
242 
245 
309 
240 


10.0 
20.75 
31.25 
40.75 
61.25 
91.75 
121.0 
163.25 
199.75 
240.0 
303.0 
363.0 


(b) I 


1 
2 
3 
4 
5 
6 
7 


de to to 
~1 


lhree experiments in dog 7-67, 
by (>) infusion after a priming injection. 


approximate weight 19 kg., 
Other measurements of filtration rate by the infusion method in this dog in 


the first by (a) the single injection method and the second 


late 1949 indicate a mean of about 55 ml. per minute, from which it seems that hydration and injection of polysaccharide 


do not disturb the rate of glomerular filtration. 
ment were restlessness and repeated blood sampling. 


Contributing to the decrease of Cc, in the latter periods of the first experi- 
Plasma concentrations in (a) are obtained by interpolation from a 


smooth semilogarithmic curve of measured concentrations against time; interpolated concentrations in (b) are indicated 


by asterisk 


saccharide clearance (Cp) was about 80 per cent 
of the creatinine clearance (Co) during the first 
periods of urine collection and decreased to less 
The de- 


cline in the ratio was somewhat more rapid in dogs 


than 30 per cent by the end of six hours. 


given smaller (2 gm.) than those given larger (5 
A representative 
experiment in a dog given 5 gm. of polysaccharide 
is shown in Table I(@). 

(b) Constant infusion method: The aim of 
these experiments was to determine if the decrease 
in relative polysaccharide clearance observed af- 


gm.) amounts of polysaccharide. 


ter single injections could be related to the rapid 
fall in plasma polysaccharide concentrations. The 
experiments were carried on over one or two hours 
and at plasma concentrations ranging from 15-60 
mg. per 100 ml. Plasma polysaccharide concen- 
tration was maintained at a constant level in some 
experiments and decreased or increased in others, 
as shown in Table I(b). The absolute and rela- 
tive polysaccharide clearances could not be re- 
lated to plasma polysacchar:de concentration, to 
the direction or rate of change in this function 
or to urine flow. Instead, the decrease in rela- 
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1. 295 96 45.7 58.1 0.79 

tick 166 62 48.5 58.0 0.84 

- 113 51 55.9 61.6 0.90 

75 41 49.6 55.2 0.90 ; 

= 53 35 47.8 58.6 0.82 
a 35 27.5 47.7 54.1 0.88 

26 22 32.7 53.6 0.61 
a 20 18.5 20.7 39.0 0.53 
4 16 15.5 19.6 42.8 0.46 
a 13.5 13.2 17.1 46.1 0.37 
te 12.5 12.5 14.5 39.2 0.27 
11.5 11.4 7.2 35.1 0.21 

11-3-48 
"4 0 15 
| 25 61 22.7 24.0 39 0.62 
60* 19.0* 17 40 0.43 
49 59 17.4 14.5 44 0.33 

| 2 59 57.5* 16.1° 14.9 46.6 0.32 
— 69 55.5 15.5 12.3 45.7 0.27 

79 | 52.5* 15.1* 11.4 41.3 0.28 
so | 48.5 15.2 11.0 39.7 0.28 

3-24-48 
0 22 
— 1 32 64 18.6 43 0.55 
ée 2 42 56 18.5 46 0.53 
3 | 47° 17.0° 37 0.54 

4 70 | 41 15.3 41 0.46 
5 | 38.5* 15.2* 43 0.44 

= 6 90 | 36 15.0 42 0.43 
| 


tive Cp was a function of the time elapsed after 
the priming dose. Results of some 60 clearance 
periods (10 experiments in three dogs) indicate 
a range of the ratio Cp/Cor of 0.92 to 0.56 in the 
first 20 minutes after priming (approximate mean 
0.74) and a range of 0.53 to 0.27 (approximate 
mean 0.34) 90 minutes later. The variability in 
the rate of change of the ratio with time is at- 
tributable in part to individual variability among 
the three dogs tested and possibly in part to the 
use of different lots of the polysaccharide in these 
experiments. 


2. Human experiments 


(a) Normal subjects: In these, as in the pa- 
tients described below, the sustaining infusion was 
continued for about 90 minutes. Urine collections 
began 15 minutes after infusion of the priming dose 
and were made at intervals of 12-15 minutes. The 
ratio Cp/Cy was found to be constant in successive 
periods of urine collection (Table II), in con- 
trast to the falling ratios found in dogs. The 
mean ratio in the 30 clearance periods was 1.12 
(standard deviation + 0.08). In our experience 
plasma mannitol clearance is about 10 per cent 
less than the simultaneous inulin clearance. Con- 
sequently Cp is at the level of inulin clearance or 
glomerular filtration. 

(b) Essential hypertension: Observations were 
made in seven patients suffering from hyper- 
tensive disease of varying severity. In these, ef- 
fective renal plasma flow (Cpan) ranged from 
156 to 491 ml., glomerular filtration rate (Cy x 
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TABLE III 
Renal functional data in glomerular disease* 
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TABLE II 


Clearances and clearance ratios in successive clearance 
periods in human subjects 


Essential Primary 
= Normal hypertensive glomerular 
Clearance disease disease 
period 
no. 
Means No. Means No. Means No. 
1 1.17 5 0.98 7 0.63 9 
2 1.10 5 0.98 7 0.60 9 
3 1.07 5 0.96 7 0.65 9 
4 1.44 5 0.99 7 0.70 4 
5 1.08 5 0.96 7 0.70 a 
6 1.08 5 0.96 7 0.74 4 
Means 1.10 0.97 0.67 


Means and number of observations in successive clear- 
ance periods and means of these means of the ratio Cp/Cy 
in each of the groups of human subjects demonstrating that 
this function in human beings is not depressed as the time 
after the priming dose in prolonged clearances measured 


by the infusion method. ‘The end of period 1 corresponds 
to 15 to 20 minutes after priming; each period is of 10 to 12 
minutes duration so that elapsed time to the end of period 
6 is about 80 minutes. 


1.1) from 33-135 ml., filtration fraction from 0.25 
to 0.37 and Tmpan from 21 to 77 mg. per minute, 
per 1.73 sq. M. body surface. The ratio Cp/Cy 
was constant in any patient over the period of 
observation. The mean of this ratio (0.98, 
standard deviation + 0.07) is significantly differ- 
ent from that in normal subjects. 

(c) Glomerular disease: In five patients suf- 
fering from acute or chronic diffuse glomerulo- 
nephritis, the mean of the ratio Cp/Cy was 0.76 
(standard deviation +0.12). The ratio did not 
correlate with absolute levels of other renal func- 
tion tests; in one patient (Table III, No. 1) it in- 


Diagnosis F.F. TmpaH Cp/Cm Periods 
Ac. glom.-neph. 1 12-49 827 79 0.10 — 0.75 5 
1-50 827 93 0.11 —_ 0.67 3 
6-50 517 70 0.14 38 0.73 3 
7-12 673 89 0.13 41 0.74 3 
8-9 574 69 0.12 56 0.83 3 
Chr. glom.-neph. 2 12-49 432 St 0.12 23 0.67 6 
1-50 228 26 0.11 — 0.64 3 
Ac. glom.-neph. 3 12-49 597 60 0.11 61 1.07 5 
Chr. glom.-neph. 4 5-50 322 50 0.16 32 0.81 3 
Chr. glom.-neph. 5 9-50 == 6 -- 0.1 0.80 6 
Amyloidosis 6 1-50 545 91 0.17 81 0.70 6 
Glomerulosclerosis 7 10-50 108 19 0.18 0.88 3 


phritis), renal functional data (R.P.F 


* Diagnosis (Ac. glom.-neph. = acute diffuse glomerulonephritis, Chr. glom.-neph. = chronic diffuse glomerulone- 
= renal plasma flow from Cpan, G.R.F. = glomerular filtration rate from Cy 


x 1.1, F.F. = filtration fraction, Tmpan, mean ratio Cp/Cw) and number of polysaccharide clearance periods in patients 


with primary glomerular disease. 
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creased during recovery from acute glomerulo- 
nephritis. The ratio was depressed in one patient 
with renal amyloidosis (confirmed by biopsy) and 
one with intercapillary glomerulosclerosis. These 
observations are listed in Table ITI. 


3. Observations on proteinuria 


The decrease in the ratio Cp/Cy found in hy- 
pertensive disease and the still lower values of this 
function in patients with glomerular disease, in 
whom proteinuria is usually more severe than in 
hypertension, prompted us to examine the as- 
sociation between the ratio Cp/Cy and protein- 
uria. Proteinuria was measured during 12 or 24 
hour periods by the Shevky-Stafford method im- 
mediately before or after the determination of 
relative polysaccharide clearance. The correla- 
tion coefficient of the ratio Cp/Cy (x) to pro- 
teinuria in gm. per 24 hours (y) was found to be 
— 0.74 (standard error + 0.23). This correla- 
tion coefficient is more than three times the stand- 
ard error, from which it follows that, in these 
cases of renal disease, proteinuria and the ratio 
C)/Cy are inversely associated. 


DISCUSSION 


The diffusion coefficient and sedimentation con- 
stant of the polysaccharide, assuming a partial 
specific volume of 0.65, yielded Ogston (5) an 
estimated molecular weight of 5,400. Dialysis for 
three weeks against water removed two-thirds of 
polysaccharide; studies on the residue indicated 
that its molecular weight was about 8,400. It 
would seem that the material was not homogene- 
ous, but consisted of a large proportion of a poly- 
saccharide with a molecular weight of about 5,000 
and a smaller fraction of molecular weight about 
9,000. More recently Palmer (1) obtained four 
fructosan fractions from Italian rye grass by 
serial precipitations from increasing concentra- 
tions of ethanol. The molecular weights of these 
as calculated from their glucose contents were 
6,160, 5,380, 3,240, and 3,080. By the same 
method she found molecular weights of two frac- 
tions of dahlia inulin to be 7,290 and 6,800. Inu- 
lin has been considered to have a molecular weight 
of 5,100 (6). Thus, the polysaccharide we used is 
probably less homogeneous than dahlia inulin, to 
which it is similar in most of its properties; and 
its molecular weight is not very different. 
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In spite of these similarities, the clearance of 
this polysaccharide is notably different from that 
of inulin in the dog, in which creatinine and inu- 
lin clearance rates are identical. The ratio Cp/ 
Cer in the dog is always less than unity and de- 
creases as the experiment is prolonged. This in- 
equality of Cp and Ce, can hardly be attributed to 
tubular reabsorption of this inulin-like polysac- 
charide; the clearance ratio is independent of the 
direction of change in, or absolute level of plasma 
polysaccharide concentration and also of urine 
flow. Rather it seems that the polysaccharide 
mixture is, in part, not freely filterable through the 
glomerular capillaries. The decrease in the ra- 
tio with time can then be explained by assuming 
that some part of the polysaccharide mixture is 
perhaps filtered as freely as inulin, while another 
part can escape through perhaps only 20 per cent 
of the glomerular surface. 

This assumption is based on the concept of 
glomerular porosity proposed by Yuile (7), and 
his demonstration that hemoglobin (molecular 


weight 68,000) in dogs passes through 3 per cent 
of the glomerular surface and myoglobin (molecu- 
lar weight 16,400) through 20 per cent (8). 


Similarly, Marshall and Deutsch (9) have shown 
recently a rough correspondence between the mo- 
lecular size of proteins and their clearances rela- 
tive to creatinine in dogs. They also point out the 
importance of molecular asymmetry as a deter- 
minant of filterability. Thus, in dogs, ovomucoid 
(molecular weight 27,000) and ovalbumin (mo- 
lecular weight 44,000) are cleared at similar rates. 
In human subjects, the passage of hemoglobin 
through the glomerulus has been estimated as oc- 
curring through 3 per cent (10) or 12 per cent 
(11) of the glomerular surface. 

Lack of complete correspondence between mo- 
lecular weight of proteins and their glomerular 
filterability seems to hold for fructosans. Taking 
Palmer's estimates of molecular weight, the freely 
filterable inulin is heavier than any fraction of the 
grass polysaccharide. Alternatively, using Og- 
ston’s estimates, and assuming the molecular 
weight of inulin to be 5,100, it seems that inulin 
is close to the limit of filterability through the 
dog’s glomerulus, and that part of the polysac- 
charide exceeds this limit. On either basis, lack 
of complete filterability may result from  in- 
homogeneity of the polysaccharide as to weight, 
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diameter and charge or from differences in elonga- 
tion of the molecules. The observations in normal 
human subjects indicate that the clearance of the 
grass polysaccharide is substantially at the level of 
glomerular filtration, from which it seems that the 
human glomerulus is somewhat less retentive than 
that of the dog. 

The 10 per cent decrease in the ratio Cp/Cy in 
patients with hypertensive disease can be ex- 
plained by assuming that 10 per cent or more of 
the residual glomerular surface may have become 
damaged and thickened so that, while it trans- 
mits mannitol freely, it retains part of the poly- 
saccharide. On this assumption one might ex- 
pect that the ratio Cp/Cy would fall off in suc- 
cessive clearance periods as did the Cp/Co, ratio 
in the dog. We have no explanation why this did 
notoccur. The observed decrease in the Cp/Cy ra- 
tio in hypertension, where some degree of glomeru- 
lar damage can be anticipated, suggested that the 
ratio might serve as an index of the degree of 
glomerular disease. 
patients with diseases primarily affecting the glo- 
meruli seem to justify this expectation. We en- 
visioned use of the ratio as a clinical test of rela- 
tive glomerular porosity. Unfortunately, a pa- 
tient (Table II, No. 6) who had a history of hay 
fever developed mild asthma and severe urticaria 
during administration of the polysaccharide. An- 
other who had had severe asthma, developed a very 
frightening asthmatic attack immediately after ad- 
ministration of the priming dose of polysaccharide. 
Consequently, the use of grass polysaccharide as 
a routine test for glomerular damage is unduly 
hazardous. 

The observations on proteinuria bear on the de- 
bated point of glomerular versus tubular partici- 
pation in the genesis of proteinuria. A decrease 
in the ratio Cp/Cy in renal disease could be of 
either glomerular or tubular origin. If it were 
tubular, one would have to make the rather bizarre 
assumption that the damaged tubule somehow 
newly acquires a capacity for active reabsorption 
of polysaccharide, so selective that it does not 
entail a similar reabsorption of such a close 
congener as inulin. This is unlikely. Much more 
likely is the possibility that tubular damage would 
result in passive back diffusion of substances from 
tubular fluid and, since mannitol diffuses more 
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rapidly than polysaccharide, this would involve 
an increase rather than a decrease in the ratio 
Cp/Cy. We can therefore admit the assumption 
that the ratio Cp/Cy is a measure of glomerular 
function and that depression of this ratio is evi- 
dence of a glomerular abnormality which can be 
characterized as a decrease in glomerular porosity 
to molecules with the physical characteristics of 
the polysaccharide. 

The rates of proteinuria in our patients with 
hypertensive and primarily glomerular renal dis- 
ease show a significant inverse correlation with 
the function Cp/Cy. Hence, on the above assump- 
tion, the proteinuria is more probably due to glo- 
merular than tubular disorder. It is paradoxical 
that passage of plasma protein through the glo- 
merulus should seem to increase as porosity to 
polysaccharide (molecular weight less than 10,- 
000) decreases. The explanation may lie in the 
physical characteristics of the substances. Thus, 
Brandt, Frank, and Lichtman (10) found that 
glomerular porosity to hemoglobin is not  in- 
creased in proteinuric patients but may be de- 
creased. The mechanism of a decreased porosity 
to molecules normally partially or wholly filterable, 
such as polysaccharide and hemoglobin, in the 
presence of increased proteinuria can perhaps be 
visualized if one likens the passage of the filter- 
able molecules as akin to true filtration, and the 
escape of plasma protein as a leak in a filtering 
surface. 


SUMMARY 


Renal plasma clearances of a polysaccharide iso- 
lated from Italian rye grass with a mean molecu- 
lar weight of about 5,400 were measured in dogs 
and human beings. The observations in dogs in- 
dicated that the material was not all freely filterable 
through the glomerulus. The ratio of polysac- 
charide clearance (Cp) to creatinine clearance 
(Cor) was less than unity and decreased in suc- 
cessive clearance periods, apparently because of 
the more rapid excretion of the more filterable 
component(s) of the polysaccharide. 

In contrast, in normal human beings, the ratio 
of Cp to mannitol clearance (Cy) averaged 1.1, 
indicating that the polysaccharide was freely filter- 
able with a renal clearance equal to that of inulin. 
The normal human glomerulus is apparently a 
less retentive filter than that of dogs. 
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Observations in patients with hypertensive dis- 
ease yielded a mean Cp/Cy of 0.98, indicating that 
about 10 per cent of the residual glomerular bed 
had become impermeable to the polysaccharide, 
while still permeable to mannitol. In patients with 
primary glomerular disease still lower ratios were 
found. These were interpreted as resulting from 
decreased glomerular porosity and were considered 
to confirm by functional means, the severe ana- 
tomical changes which would be found in the glo- 
merular capillaries in these conditions. 

Assuming the ratio Cp/Cy to be a measure of 
relative glomerular porosity, glomerular porosity 
is found to decrease as proteinuria increases in 


hypertensive and primary glomerular renal disease. 
From this it seems to follow that the mechanism of 
such proteinuria is more probably glomerular than 


tubular. 
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ADDENDUM 


The rhizomes of the wild iris (/ris pseudocorus) con- 
tain a polysaccharide, irisin, which Ogston estimated had 
a molecular weight of 22,000-24,000 and which was ap- 
parently homogeneous in the ultracentrifuge. The poly- 
saccharide was isolated by the method of Euler and 
Erdtman (12). When relative to creati- 
nine was determined in dogs, we found that it behaved as 
did the polysaccharide from Italian rye grass. From this 
is seemed likely that this material, like grass polysac- 
charide, was also inhomogeneous. 

Since allergy to iris is much less common than grass 
allergy, we had hoped that the iris polysaccharide might 
be adapted to clinical estimates of glomerular porosity. 


its clearance 
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However, the ratios C:-/Cx in three normal human sub- 
jects were 0.73, 0.50, and 0.53; values of 0.72 and 0.65 
were found in two patients with essential hypertension; in 
11 observations in patients with glomerular disease, the 
ratios ranged from 0.29 to 0.65. The excretion of iris 
polysaccharide evidently does not reflect the interesting 
changes in glomerular porosity measured by grass 
polysaccharide. 
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SUPPRESSION OF SODIUM EXCRETION BY THE COLON IN 


CONGESTIVE HEART FAILURE AND CIRRHOSIS OF 
THE LIVER DEMONSTRATED BY THE USE 


OF CATION EXCHANGE RESINS? 
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MARY A. HOMER anp GERTRUDE P. QUINN 


(From the Research Service [NYU Medical Division], Goldwater Memorial Hospital, Wel- 
fare Island, New York, and the Department of Medicine, New York University 


Evidence for a hormonal disturbance in those 
diseases in which the accumulation of edema fluid 
is a major clinical manifestation has, until re- 
cently, been meager and the conclusions doubtful. 
Thorn and Emerson (1), in 1940, observed the 
exacerbation of ascites and edema during the pre- 
menstrual period in a patient with glomerulone- 
phritis and in a patient with cirrhosis of the liver 
which suggests that gonadal hormones may at 
least affect the course of edema in these diseases. 
In 1942 Futcher and Schroeder (2), in their 
demonstration of the impaired excretion of so- 
dium chloride in congestive heart failure, sug- 
gested that the cause might be increased venous 
pressure or renal anoxia or ‘“‘an endocrine mecha- 
nism possibly involving the adrenal cortex.” 

In the last two years more substantial, although 
indirect, evidence for a hormonal disturbance in 
edematous states has been forthcoming. Parrish 
(3) found in four of 10 patients with congestive 
heart failure increased excretion of urinary corti- 
coids which prolonged the life of adrenalectomized 
rats. Deming and Luetscher (4) report greatly 
increased sodium-retaining activity (by a_ bio- 
assay method) in the urine of patients with mas- 
sive edema due to nephrosis or heart failure. Al- 
bert and Smith (5), following the administration 
of ACTH, desoxycorticosterone, or cortisone to 
normal individuals, found in five subjects who de- 
veloped marked peripheral edema all the hemody- 
namic changes of heart failure, except a decreased 
cardiac output. 

The present investigation affords further evi- 
dence of a hormonal disturbance in certain dis- 
eases in which edema fluid accumulates. It is 
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well known that desoxycorticosterone diminishes 
the excretion of sodium by the kidney and the 
sweat gland (6) and recently it has been demon- 
strated that desoxycorticosterone also diminishes 
the excretion of sodium by the salivary gland and 
the colon (7). There is evidence that the sweat 
and salivary glands in the patient who is ac- 
cumulating edema act in a fashion which re- 
sembles excessive desoxycorticosterone-like ac- 
tivity (8, 9). 
tain whether the colon of the edematous patient 
also acts in a fashion which resembles excessive 


This study was designed to ascer- 


desoxycorticosterone-like activity. 

The concentration of sodium in the sweat and 
saliva is normally of sufficient magnitude to per- 
mit measurement of a possible decrease. It is, 
however, difficult to document a decrease in the 
excretion of fecal sodium because the amount of 
fecal sodium is normally quite small and variable 
(10). In order to insure sufficient amounts of 
sodium in the stool to be able to quantify a differ- 
ence between the normal individual and the 
edematous patient, a cation exchange resin was 
fed (11). For proper interpretation of the data, 
the mechanics of the action of the resin in rela- 
tion to sodium in the lumen of the gut must be 
considered (7). The exchange of ions on the 
surface of the resin is almost immediate and the 
pattern of electrolytes on its surface is dependent 
on the number and nature of the electrolytes in 
the surrounding medium (12, 13). In the small 
intestine the resin is in equilibrium with a solu- 
tion containing about 140 mEq of sodium per liter. 
When more sodium ions leave the lumen of the gut 
than enter, such as occurs in the colon, there is 
a net reabsorption of sodium. In proportion to 
the other ions present, there are fewer sodium ions 
available for the resin in the lumen of the colon 
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than in the lumen of the small intestine and a 
new equilibrium is established in the colon be- 
tween the sodium on the resin and that in solu- 
tion in the colonic contents. The balance between 
the transfers of sodium across the colonic mucosa 
and the “attraction” of the resin for the sodium 
eventually determines how much sodium is _re- 
tained on the resin and hence the amount of so- 
The net transfer 


(1.e., eventual reabsorption) of sodium across the 


dium appearing in the stool. 


colonic mucosa in the normal individual may thus 
be compared with the net transfer in the edematous 
individual by a comparison of the amounts of 
sodium removed by the resin in the stool. 

The patients who were studied were selected 
as representative of the severest type of sodium 
retention. The criterion by which patients were 
selected was that the daily urinary excretion of 
sodium was negligible in relation to the dietary 
intake. 
who gain weight from day to day and who excrete 

Their 
For ex- 


Of course there are edematous patients 


more sodium than the patients studied. 
weight gain is correspondingly slower. 

ample, if a patient ingests 5 grams of sodium 
daily and excretes only 2, he would then regularly 
gain weight, but if the intake is reduced to 1 gram, 
the patient will no longer accumulate fluid and 


might even lose weight by diuresis. Presumably 


in patients who are able to excrete a moderate 


amount of sodium in the urine the excretion of 
sodium by the colon, salivary gland, and the sweat 
gland is not sufficiently impaired to demonstrate 
a difference from the rather wide range of normal 
values. Patients whose urinary sodium excretion 
was severely limited were therefore selected for 
study in order to demonstrate a difference from 


the normal. 
PROCEDURES 


A cation exchange resin was fed to two groups of pa 
tients. The first, control group, con- 
sisted of patients who were suffering from a variety of 
chronic diseases without evident disturbance in their wa- 


considered the 


ter balance. The second group consisted of patients who 
were actively accumulating edema fluid because of con- 
Both 
groups received the same regular ward diet without the 
The edematous patients never 
excreted less than 1 


gestive heart failure or cirrhosis of the liver. 


privilege of adding salt. 
excreted more than 5 and usually 
mEq of sodium per day in the urine 
dium concentration in these edematous patients was es- 
sentially normal (135 to 140 mEq per liter) except for 


The plasma so- 
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one patient (CER, Table I), whose plasma sodium 
ranged from 128 to 132 mEq per liter. 

Forty-five grams of carboxylic resin in the ammonium 
form or in a combination of the potassium and ammonium 
forms (ratio of one part of potassium to two of ammo- 
nium) were fed daily to both groups. Stools were col- 
lected and analyzed for sodium, potassium, and nitrogen. 
To make certain that samples of stool were representa- 
tive of the period of feeding resin, analyses were not be- 
gun until four days after beginning resin therapy. The 
study was conducted on the wards of a chronic disease 
hospital and it was quite difficult to insure complete stool 
For this reason, fecal sodium and potassium 
were expressed in terms of excreted nitrogen. The daily 
fecal nitrogen was assumed to be the same for both 
groups of patients since they were on the same diet. 
This mode of expression avoids the errors of incomplete 
stool collections and erratic bowel movements but does 
contain the error of the variability in fecal nitrogen ex- 
cretion (14). The latter error was thought to be smaller 
under the circumstances of the investigation. In order to 
use units which were in some way representative of the 
daily fecal excretion of sodium and potassium the data 
have been expressed in mEq of sodium or potassium per 


collections. 


gram of nitrogen. 

Stools were dried under infra red light. Triplicate ali- 
quots of the dried feces were treated with concentrated 
sulfuric acid and ashed in platinum crucibles at 700° C. 
The ash was dissolved in hydrochloric acid and analyzed 
for sodium and potassium. Separate aliquots of the dried 
feces were analyzed for nitrogen and ammonium. All ni- 
trogen values have been corrected for ammonium and 
represent ammonium-free nitrogen. 

Sweat was collected in rubber gloves. The gloves and 
arms were prepared according to the procedure suggested 
by Leslie and Levin (15). The patient was attired in 
hospital pajamas and covered with two woolen blankets. 
The lower extremities were placed in a whirlpool bath 
at 42° C. After a 20 to 40 minute immersion in the bath 
the gloves accumulated sweat 
poured into a vial. 

Saliva was collected in the following manner. The 
mouth was first rinsed with distilled water and the sub- 
ject was given paraffin to chew. The saliva collected dur- 
ing the first minute’s chewing was discarded. Two sepa- 
rate samples were taken in the second and third minutes. 
The values reported are the means of the sodium content 


were removed and the 


of these two samples. 

Sodium and potassium were determined with an in- 
ternal standard flame photometer (16). Nitrogen was 
determined by the micro-Kjeldahl procedure and am- 
monium was determined according to Summerson’s modi- 
fication of the Van Slyke and Cullen procedure (17). 


OBSERVATIONS 


In the control group of eight patients without 
evident disturbance in their degree of hydration 
who received carboxylic resin, the mean fecal so- 
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Fecal excretion of sodium and potassium during resin administration 


Comparison of the normal with the edematous patient 


Normal 


Edematous 


Pr Resin form No. obs. | Sodium | Potassium Pt. Diagnosist | Resin form No. obs Sodium | Potassium 
mEq/ mEq/ mEq mEq 

gram N* gram N* gram N* gram N* 

9 25:3 65.4 FAG K-NH, 2 12.2 $4.3 
0 26.3 42.7 HAM CHF NH, 3 13.4 121.7 

8 33.2 53.3 FAG 2 NH, 4 14.5 33.8 

7 38.0 $3.5 Sir CHF K-NH, 2 15.4 31.0 

7 40.2 74.4 HEN & NH, 16 20.0 61.8 

6 $2.8 90.0 POL CHF K-NH, 2 20.5 97.8 

6 53.2 53.1 CER CHF NH, z 20.8 80.2 

3 59.2 144.0 OST CHF NH, 1 22.1 38.2 

7 63.9 69.8 POL CHF NH, 3 24.7 oo 

7 64.2 61.3 KNS CHF NH, 15 25.9 67.6 

45.6 
Standard deviation +14.9 Standard deviation 


* Mean of stated number of observations. 


dium excretion of 10 sets of observations was 
45.6 + 14.9 mEq per gram of nitrogen (Table I). 
In the group of eight patients who were accumulat- 
ing edema fluid because of cirrhosis of the liver 
or congestive heart failure, the mean sodium ex- 
cretion of 10 sets of observations was 19.0 + 4.8 
mEq per gram of nitrogen. The values for the 
fecal excretion of sodium were essentially the 
same in a given individual whether he was receiv- 
ing the ammonium resin or the ammonium-potas- 
sium mixture (KRS, LST, FAG, POL, Table I). 
The data indicate that under similar conditions of 
diet and resin administration the net transfer of 
sodium from the lumen of the colon to the sur- 
rounding blood stream is greater in the edematous 
patient than in the normal. The resin is conse- 
quently less effective in retaining sodium in the 
stool in the edematous patient than in the normal 
patient. 

The mean fecal excretion of potassium was ap- 
proximately the same in the control group and 
the edematous group. The amounts of potassium 
excreted seemed to have little relation to the 
amounts of sodium excreted. In a given indi- 
vidual, however, somewhat more potassium was 
excreted in the stool when potassium was incor- 
porated in the resin (KRS, LST, FAG, POL, 
Table I). 

Sodium excretion by the sweat and_ salivary 
glands was measured in three patients of the group 


+ CHF, Congestive heart failure; CL, Cirrhosis of the liver. 


who were accumulating edema. Two patients 
were suffering from congestive heart failure and 
one from cirrhosis of the liver. In each patient 
the concentration of sodium in the sweat and 
saliva was much reduced as compared to normal 
values (Figure 1). In 10 samples of hand sweat 
in seven normal individuals taken at various times, 
the mean concentration of sodium was 39 mEq per 
liter, range 15 to 75 meq per liter. In two pa- 
tients accumulating edema fluid, the concentration 
of sodium in the sweat was 8 and 13 mEq per 
liter. In 30 samples of saliva taken at various 
times in nine normal individuals, the mean concen- 
tration of sodium was 35 mEq per liter, range 10 
to 61 mEq per liter, whereas in the three edema- 
tous individuals the concentrations of sodium :in 
the saliva were 8, 7, and 5 mEq per liter. The 
data are few but are in agreement with similar 


COMPARISON OF THE NORMAL (7) WITH THE EDEMATOUS PATIENT (A) 


a 
KIONEY COLON SWEAT SALIVARY 
(RESIN AOMINISTRATIOND GLAND GLAND 
PATIENT DIAGNOSIS MEQ DAY MEQ/GM NITROGEN MEQ/LIT 
OST CONGEST FAIL 06-2? 22 5 
STP CONGEST FAL 30 8 ? 
HEN CIRRHOSIS 03-25 20 13 6 
NORMAL (MEAN) 46 4 
(RANGE) 250-1000 25-64 S75 10-& 
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data in the literature (8, ‘ 


only to have measurements in the same patient 


), 18) and are presented 


who fails to excrete expected amounts of sodium in 
the stool. 
pared to the normal, alters the transfer of sodium 


The edematous patient, then, as com- 


by various organs, the kidney, the colon, the sweat 


and salivary glands, in such a fashion as to limit 
the loss of sodium from the body. 


DISCUSSION 


The accumulation of edema in those patients 
who continually gain weight from day to day is due 
chiefly to the retention of sodium, chloride, and 
water ingested by the patient and not excreted by 
the kidney. The primary difficulty appears to 
be the retention of sodium. A disturbance in wa- 
ter excretion does not seem to be the basic diff- 
culty. Although the patient with congestive heart 
failure or cirrhosis of the liver may eliminate a 
test dose of water more slowly than the normal in- 
dividual (19-21), drinking large amounts of water 
daily does not aggravate the edema of congestive 
heart failure (22). Nor does it appear that the 
kidney has any difficulty in excreting the chloride 
ion as the edematous patient can excrete am- 
monium, potassium, or calcium chloride easily 
and sometimes with an increased amount of wa- 
ter (23). However, the urine of the patient who 
is actively accumulating edema fluid such as the 
type of patient reported here, contains only small 
amounts of sodium irrespective of the amount or 
form of sodium ingested. Under normal circum- 
stances the kidney regulates the sodium content 
of the body by balancing the output against the in- 
take. Why the kidney fails to do so in certain 
diseases is a point of controversy. 

Many factors are known to affect the renal ex- 
cretion of sodium, Alterations in filtration rate 
(24), renal arterial and venous pressure (25-27), 
oxygen tension (28), and plasma volume (29) are 
factors which have been investigated as individual 
entities and have been demonstrated to influence 
the renal excretion of, sodium. The controversy 
resides in the relative importance of these factors 
and in the manner in which they play a role in the 
development of edema. The disturbed cardiovas- 
cular dynamics found in congestive heart failure 
are absent in cirrhosis of the liver, and the renal 
plasma flow and glomerular filtration rate are 
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within normal limits (30). Nevertheless, in both 
these diseases where the patient is actively ac- 
cumulating fluid there is evidence that several 
organs act to suppress the excretion of sodium. It 
is not to be inferred that organs other than the 
kidney contribute to any great extent to the ac- 
cumulation of edema in congestive heart failure 
and cirrhosis of the liver. The data serve only to 
illustrate the fact that the suppression of the ex- 
cretion of sodium in these diseases is a phenome- 
non which is common to various organs. 

The fact that desoxycorticosterone has the 
disturbance in the 
transfer of sodium across the kidney, colon, sali- 
vary and sweat glands, suggests that the accumu- 
lation of edema in both cirrhosis of the liver and 


ability to induce a similar 


congestive heart failure is due, at least in part, to 
an excess of desoxycorticosterone-like hormone 
or to a deficiency of a possible antagonist. De- 
soxycorticosterone-like activity occurs as a nor- 
mal physiological process when there are excessive 
losses of sodium from the body or when the dietary 
intake of sodium is sharply restricted (31-33) and 
is manifested by limiting the excretion of sodium 
from the body by several organs. The diminished 
excretion of sodium where 
there is active accumulation of edema fluid re- 
sembles the normal mechanism for the conserva- 
tion of salt. The question is why the normal 
mechanism for limiting the escape of sodium from 
the body goes awry in these diseases. It is not 
known whether the biochemical stimulus is the 
same for the normal conservation of salt as it is 
in congestive heart failure and cirrhosis of the 
liver or whether it is the same or different for 
these diseases. It is clear that in these edematous 
states four organs, across which the transfer of 
sodium can be measured, act in concert to limit the 
The accumula- 


found in diseases 


escape of sodium from the body. 
tion of edema in these widely divergent clinical 
states would seem then to be due in part to a 
disturbance in hormonal balance. 


CONCLUSIONS 
With the use of cation exchange resin it has been 
demonstrated that the colon of the edematous pa- 
tient retains sodium to a greater degree than the 


colon of the normal subject. This suppression of 
sodium excretion is part of a generalized phe- 
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nomenon involving the kidney, sweat gland and 
salivary gland. The inference is drawn that the 
accumulation of edema in congestive heart failure 
and cirrhosis of the liver is at least partly mediated 
through a disturbance in the hormonal control of 
sodium excretion. 


. Conn, J. W., Electrolyte composition of sweat. 
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Radioactive iodine has proved itself a most use- 
ful tool in the assessment of thyroid function and 
since its introduction in 1938 by Hertz, Roberts, 
and Evans (1) a voluminous literature on this 
subject has developed, much of which has been 
well summarized by Skanse (2) in his monograph. 

Although various workers have noted that there 
is a delayed excretion of the isotope in renal dis- 
ease which probably invalidates any measurements 
of urinary excretion of radio-iodine or calculations 
derived from such measurements as a means of 
indirectly assessing thyroid function, relatively 
little investigation of the effect of renal lesions on 
the more direct measurements of thyroid func- 
tion with radio-iodine has been carried out. Mc- 
Conahey, Keating, and Power (3) have noted an 
apparently decreased rate of accumulation of ra- 
dio-iodine by the thyroid gland, a finding generally 
indicative of depressed thyroid function. It thus 
seemed of interest to further investigate this 
problem to see firstly if renal disease in any way 
invalidates the use of tracer doses of radio-iodine 
as a diagnostic aid in assessing thyroid function, 
and secondly, with the aid of the isotope, to study 
some phases of iodine metabolism and _ utilization 
in subjects with renal disorders. 


SUBJECTS AND METHODS 


Patients with kidney disease were chosen only when 
they showed obvious signs of renal failure—elevated 
blood urea nitrogen, gross albuminuria and poor uri- 
nary concentrating power. These subjects are listed in 
Table I. A control group composed of normal persons 
or patients not known to have any dysfunction of either 
kidneys or thyroid is similarly listed in Table II. In 
both groups special care was taken to select subjects who 
had not previously had organic iodine compounds, ¢.g., 
priodax or lipiodol, and who had not had any inorganic 
iodine medication for at least two months previously. 


1The subject matter of this paper is part of a thesis 
submitted by Dr. Hughes to the Faculty of Graduate Stud- 
ies, University of Manitoba in partial fulfillment of the 
requirements for the degree M.Sc. (Med.) 
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Observations were made on the subjects after an over- 
night fast of at least 14 hours and they continued with- 
out food for the first six hours of the experimental period. 

The fasting subject was required to void completely, 
and immediately afterwards was given 100-125 micro- 
curies of carrier free radioactive iodine orally. Two to 
two and one-half hours later when absorption of the 
radio-iodide was probably complete, the patient again 
voided, a blood sample was obtained and the time noted. 
Counts over the thyroid were then begun and midway 
through the counting period, a second blood sample 
was taken and the time noted. An accurately measured 
time interval of approximately two hours was allowed to 
elapse whereupon the patient again voided and blood 
samples and thyroid counts were repeated. 

By these procedures it was possible to determine the 
clearance of radio-iodine from the plasma by the kidneys 
and the thyroid. A further blood specimen was obtained 
26 hours after the administration of the tracer dose. 

The quantity of radio-iodine present in the thyroid at 
any given time was expressed as a percent of the dose 
given and was determined by direct counts 6 inches above 
the thyroid isthmus, using a shielded collimated Geiger 
tube (4) and comparing the counts with similar ones over 
a standard solution of radio-iodine in a glass container. 
At least 1,000 counts were obtained in each instance. 
Background radiation was corrected for by subtracting 
counts obtained 6 inches over the middle of the thigh. 
Thyroid counts were made at two, four, 26, 50, and 75 
hours after the ingestion of the dose. 

Blood samples were collected in heparin or oxalate 
and the plasma immediately separated. Protein bound 
iodine estimations were made on one of the specimens, 
generally the first one taken, using the method of Barker 
(5), which was also found satisfactory for the determina- 
tion of urinary iodine. The plasma concentration of I'” 
was determined on each sample of plasma, using the 
principles of the method of Barry (6) in which the radio- 
iodine together with a controlled weight of added carrier 
is precipitated as insoluble palladium iodide and counted. 
Duplicate 1 ml. aliquots of plasma were precipitated with 
3 ml. 8% trichloroacetic acid. The samples were cen- 
trifuged and 2 ml. of supernatant removed; to this was 
added 1 ml. of 1.5% KI followed by an excess of pal- 
ladium chloride. The resulting precipitate of palladium 
iodide was filtered off by means of a Tracerlab E-8A pre- 
cipitation apparatus, dried and its radioactivity meas- 
ured. The urine passed during the clearance period was 
similarly treated. For each aliquot at least 1,500 counts 
were scaled in determining the counting rates, which in 
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TABLE I 


Clinical details of patients with renal disease 


Plasma 
creatinine 


Creatinine 
clearance 


P.B.I. 


Diagnosis 


ml./min.* 
52.6 
56.5 
22.0 
48.8 
20.6 
$6.9 
24.4 
87.0 
37.5 
30.4 
2 69.3 


* Standardized to body surface area of 1.73 sq. m. 


A suitable aliquot 
was subjected to a similar pre- 
This formed 


duplicate samples agreed within 5%. 
of the original dose of I™ 
cipitation and its radioactivity measured. 
the reference standard for the plasma and urine samples. 
All radioactive measurements were made with Tracerlab 
TGC-1 (2 mgm./cm.? windows) and a 
Tracerlab 64 scaler. Measurements of urine radioactivity 
were made until the asymptotic amount had been excreted. 


Geiger tubes 


From the urine excretion curves one was able to derive 
Keating, Berkson, 
and Haines (7), namely, the disappearance rate of radio- 
iodine from the blood and the renal and extra-renal dis- 
posal rates of the radio-iodine. 


certain values described by Power, 


Renal clearance of radio-iodine was computed using 
However, as the plasma 
level of I falls in an exponential manner with time, a 
logarithmic mean concentration was calculated using the 
P, — P: 

In P, — In P2 
ates (8). Clearance values were standardized to a body 
surface area of 1.73 sq.m. As a measure of the glomeru- 


the conventional formula UV/P. 


formula as suggested by Keating and associ- 


5 


Kummelstiel-Wilson’s disease 
Bilateral pyonephrosis 
Chronic nephritis 

Sub-acute nephritis 
Polycystic kidneys 

Chronic nephritis 
Kummelstiel-Wilson’s disease 
Nephrosclerosis 

Chronic nephritis 
Kummelstiel-Wilson’s disease 
Nephrosclerosis 
Kummelstiel-Wilson's disease 


| 


lar filtration rate endogenous creatinine clearance for 
the two hour clearance period was determined. Endog- 
enous creatinine clearance has been shown to follow inu- 
lin clearance fairly closely (9) and thus will approxi- 
mate the glomerular filtration rate. It was also stand- 
ardized to a body surface area of 1.73 sq. m. 

From the glomerular filtration rate and the renal 
clearance of radio-iodine the percentage of the filtered 
I™ reabsorbed by the kidney tubules was calculated. 

The rate of clearance of I™ from the plasma by the 
thyroid gland was obtained by dividing the percentage 
of the dose accumulated per minute during the two hour 
clearance period by the mean plasma concentration (per- 
cent dose/ml.) during this period. 

The plasma concentration of stable inorganic iodide 
during the clearance period was measured indirectly, 
as the direct measurement of physiological amounts 
of stable iodide in plasma is technically difficult com- 
pared with its measurement in urine. The procedure 
was similar to that of Stanley (10) by which it is assumed 
that radioactive and stable iodine are handled indiscrimi- 


rABLE II 


Clinical details of normal subjects and patients without renal disease 


creatinine 


3 


* Standardized to body surface area of 1.73 sq. m. 


Creatinine 
clearance 


— de 


P.B.1. Diagnosis 


Spontaneous pneumothorax 

Fractured femur 

Fractured humerus 

Atopic dermatitis 

Normal 

Normal 

Methyl hydrate poisoning—no kid- 
ney damage 

Normal 

Thumb injury 

Pneumonia 

Convalescent typhoid 

Normal 


| | 


noo 
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M.W. | 
F.B | 
HOA | 
M.R | | 
B.S. | } 
| 
EP. | 
E.V. | | 
“Bs 
] 
| 
AL 
4 4 
Cases Age BUN, | 
ml/min. 
J.J. 51 114 
M. N. 46 
A. R. 25 = 0) 114 
E. C. 32 16 95 
$c. 37 12 1. 107 
C.N. 26 0.7 5 
x W. P. 26 wo 0.9 4 
¥ JH. 30 0.9 4 
G. F. 21 0.9 6 
D.S. 21 . 11 8 
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TABLE III 


IN RENAL DISEASE 


The renal clearance and urinary excretion of ['*\* 


Subjects Renal clearance 48 hour excretion Renal excretion rate | Extra-renal disposal rate 
| 
no. ml./min. n?. © dose no. /hour no. % /hour 
Controls 11 31.4+2.0 9 78.343.5 9 10.2+1.0 9 3.6+0.8 
Renal disease 11 §.5+1.2 8 41.747.5 Ys 1.6+0.3 7 1.1+0.3 
| | 
P values <.01 <.01 | <.01 | <.01 


* Mean values + standard error. 


nately by any organ. Thus at any given time the ratio 
of each in urine and plasma will be the same; and 
thus knowing the urinary concentrations of I’* and I™, 
and from the determination of the mean plasma concen- 
tration of I™, the plasma level of I'” is readily calculated. 
Likewise by assuming the thyroid is similarly non- 
selective towards iodine isotopes, the amount of iodine 
picked up per unit time by the gland can be calcu- 
lated from the known urine or plasma concentrations of 
the two isotopes and the known rate of uptake of I™ by 
the gland. By this means the plasma level of I”, the 
hourly uptake of I'” by the thyroid, and the hourly 
filtration and resorption of I’” by the kidneys during 
the two hour fasting clearance period were calculated. 
It has been shown that the distribution of I’ throughout 
the body requires some six hours (11). However, this 
need not invalidate the calculation so long as the plasma 
reaching the kidney and thyroid have the same levels of 
radio-iodine and the plasma level is falling in an ex- 
ponential manner. The above calculations assume that 
all the urinary iodine is in the form of iodide. It has 
recently been shown by Rall (12) that organic iodine 
compounds may be excreted in urine, but in the euthyroid 
individual they comprise a very small portion of the 
total urine iodine and hence the resultant error in the 
calculated plasma iodide level should be small, and it is 
presumed in this study that the urine of individuals with 
renal disease likewise does not differ in this respect. 
The percentage resorption of chloride and sodium 
loads by the renal tubules was estimated on some sub- 
jects. Sodium was measured by flame photometry and 
chlorides by the method of Shales and Shales (13) in 
plasma, and by the Volhard-Arnold method in urine (14). 


TABLE IV 


RESULTS 


(A) Results on the urinary excretion of radio- 
todine in kidney disease 

The renal clearance of radio-iodide by 11 pa- 
tients with kidney disease and by 11 control sub- 
jects is shown in Table III. Also shown in this 
table are the 48 hour urinary excretions of the 
isotope and the calculated renal excretion rates 
and extra-renal disposal rates of radio-iodine, 
these latter two values being derived according 
to the principles of Keating and co-workers (7). 
All values were markedly lower in the patients 
with kidney disease including the calculated ex- 
tra-renal disposal rate of I'*'. This latter value 
approached the levels found in hypothyroidism 
and if assessment were made on this basis only 
it might be concluded that the thyroid glands of a 
person with renal dysfunction were underactive. 

The level of the isotope in the plasma 26 hours 
after administration of the dose is shown in 
Table IV and further illustrates that there is con- 
siderable retention of radio-iodine. ‘The mecha- 
nism of the poor renal clearance is demonstrated 
by other values presented in this table which indi- 
cate that not only fasting level of stable iodide I?*7 
in the plasma is considerably greater than the 
level in the control subjects, but in addition the 


The renal filtration and reabsorption of I! and I? under fasting conditions. The 26 hour 
plasma level of I"; the fasting P® plasma level* 


% dose [127 Reabsorption 26 hour 
Subjects No. filtere 1 filtered No. No. No. plasma [ia No. 

(per hr./ (per hr./ filtered [11 (ugm./hr./ (% dose/ 100 ml 

1.73 m.2) 1.73 m.2) ere 1.73 m.2) 100 ml.) mi.) 
Controls 11 | 24.24:2.4 | 7 | 13.745.8] 11 | 72.941.5 | 7 9.9+6.0 | 6 |0.027+.006} 7 | 0.174.005 
Renal disease} 11 | 12.142.9 |] 6 | 28.248.2 |] 11 | 85.943.1 6 23.247.3 | 6 |0.210+4.012} 6 | 2.20+0.50 
P values <.01 <.01 <.01 <.01 <.01 <.01 


* Mean values + standard error. 
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TABLE V 


Percentage reabsorption of tubular loads of chloride 
and sodium under fasting conditions 


Controls Renal disease 


98.4 
99.5 


| 
| 99.1 


defective clearance of radio-iodide from the plasma 
is due not only to a decreased rate of glomerular 
filtration but also because the tubular reabsorption 
of the filtered I'*! is significantly higher in those 
with renal disease. Despite depressed glomerular 


filtration rates, when the amounts of filtered and 


iP UPTAKE 


reabsorbed stable iodide I'*? were calculated, it 
was found that under the fasting conditions of the 


THYRC 


experimental period considerable more iodide was 
filtered per unit time by the diseased subjects. 
This was due to the high plasma levels of iodide 


Fic. 2. Tuyroip Uptake or py SUBJECTS 
witH RENAL DISEASE 


I'**. As a higher percentage of filtered I'*! was 
reabsorbed by the tubules, consequently much more 
iodide I**? was also being reabsorbed by the sick 
subjects. 

It was noted in the few subjects in which it was 
done that the percentage tubular reabsorption of 
filtered sodium and chloride was if anything some- 
what less in the patients with kidney disease. This 
is in marked contrast to their handling of the 
other halogen iodide. These figures are set forth 
in Table V. 


THYROID UPTAKE 


(B) Results on the thyroid uptake of radio-iodine 
in kidney disease 


Most of the control subjects had taken up their 
maximum amount of I'* into their thyroids by 26 
hours after the dose. This is illustrated in Figure 
1. In a few cases there was a further small in- 
1 _.| crease during the following 24 hours. This never 
abe = fevons amounted to more than 1.4% of the dose. The re- 
Fic. 1. Tuyrom Uptake or Rapro-lopine py Contro:  Sults obtained in 12 patients with kidney diseases, 

Supyects shown in Figure 2, were markedly different. It 
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TABLE 
The thyroid clearance and thyroid uptake of I™; the fasting plasma I'™ level and thyroid uptake of I'™* 
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VI 


Thyroid clearance 


Subjects 


Thyroid uptake I's Plasma [)2? 


Thyroid uptake I!” 


no. ml./min. no. % /hour no. pam./100 ml. no. paem./hr. 
Controls 12 12.142.5 11 4.2+0.6 7 0.17+.005 7 1.08+0.23 
Renal disease 11 4.341.5 10 1.8+0.2 6 2.20+0.50 6 2.9 +0.80 


P values <.01 <.01 


<.01 <.05 


* Mean values + standard error. 


will be seen that while at 26 hours after the dose 
the thyroid uptake was not greatly dissimilar from 
the controls, it was in all cases followed by further 
increases. One case (FE. M.) with chronic ne- 
phritis showed a rather odd curve for I'** thyroid 
uptake with a maximum uptake reached at 75 
hours of some 60% of the dose. This patient was 
clinically euthyroid and had protein bound plasma 
iodine level within normal limits. Values de- 
rived from this patient were not included in the 
series. 

Corresponding with the flattened thyroid uptake 
curves it will be noted in the patients with renal 
disease that the mean rate of thyroid clearance of 
plasma of I'*! and also the rate of uptake of I'*' by 
the thyroid are considerably less than these same 
rates in control subjects. These values are shown 
in Table VI. On the basis of these figures as well 
as from the extra-renal disposal rates reported 
above one might conclude that the thyroids of 
persons with renal disorders were hypofunction- 
ing. However, as is also shown in Table VI, when 
the actual quantities of stable iodide I'** entering 
the gland are considered, the mean rate of uptake 
of I'*? by seven control subjects was found to be 
1.08 pgm. per hour under fasting conditions while 
in six persons with renal dysfunction it was found 
to be 2.9 pgm. per hour, a highly significant dif- 
ference. It would thus appear that the thyroid 
gland in kidney disease is not hypoactive and 
actually more iodine per unit time is entering the 
gland under fasting conditions. As all of the sub- 
jects were clinically euthyroid and none had the 
elevated levels of protein bound plasma iodine 
characteristic of hyperthyroidism, it would ap- 
pear that despite the enhanced uptake of iodine 
into the thyroid, there was no increased produc- 
tion of hormone by the gland. 


DISCUSSION 


Since there was much evidence of kidney 
parenchyma damage including elevated plasma 
creatinine levels in the subjects with renal dis- 
ease it is not surprising that decreased renal clear- 
ance rates for radio-iodine and elevated plasma 
levels at 26 hours were found. 

It has been shown by Riggs that iodide clear- 
ance rates in normal dogs can be greatly decreased 
by low sodium chloride intake (15). Of the sub- 
jects with kidney disease here studied, seven were 
on low salt intake, but three were on normal diets 
and one on normal diet plus 2 gm. extra salt per 
day and these four show an average radio-iodide 
clearance of 4.6 ml./min., a value which is some- 
what below that of the whole group. Thus al- 
though a low sodium chloride intake may bring 
about a decreased clearance of iodide from the 
blood, the main cause of the decreased rate in the 
subjects with renal disease was not this factor but 
more probably the glomerular and tubular pathol- 
ogy. 

The glomerular filtration rate as measured by 
the endogenous creatinine clearance was found 
to be decreased. This resulted in a decreased fil- 
tration of radio-iodide and consequently a con- 
siderable retention of the isotope due to the glo- 
merular damage. However, the retention of I'* 
was not entirely due to poor filtration for there was 
also increased tubular reabsorption of the filtered 
radio-iodide. When the quantities of stable iodide 
involved were calculated, it was shown that de- 
spite depressed glomerular function actually more 
iodine was being filtered per hour than by normal 
subjects and of the amount filtered, a greater 
portion was being reabsorbed by the tubules. 

A dissimilarity of tubular function in respect to 
sodium and chloride on the one hand and iodide 
on the other has appeared in the present study. 
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The percentage of resorption of filtered iodide has 
been estimated to be 73% by Smith (16). Results 
in the present study using physiological amounts 
of iodide labelled with the I'™* agree well with this 
figure. It is remarkable that chloride which is 
chemically similar to iodide is resorbed by the 
tubules in percentage amounts similar to those 
noted for sodium, namely 98-99% of the tubular 
load. It has recently been shown by Platt (17) 
that although patients with renal failure filter less 
sodium than normal, they resorb a smaller per- 
centage of the tubular load. This was noted also 
for sodium and chloride in two patients in whom it 
was examined in the present series. It is there- 
fore interesting that in patients with renal failure 
there is an increase in the tubular reabsorption 
of both I! and I'’? but a fall in the amount of 
filtered sodium and chloride reabsorbed. 

Platt (17) found the degree of reduction in 
tubular reabsorption of sodium by patients with 
renal disease was directly related to the amount 
of decrease in glomerular filtration, thus maintain- 
In the pres- 
ent series neither a correlation between filtration 


ing a normal plasma level of sodium. 


rate and the degree of iodide resorption nor a 
maintenance of normal plasma iodide levels was 
noted. 

Since urinary excretion of I'*'! is much lower 
than in the control subjects, erroneous interpre- 
tations as to thyroid function will be made from 
urinary excretion values for radio-iodine in kid- 
ney disease; likewise misleading results will be 
obtained from any figures derived originally from 
urinary excretion data such as the “extra-renal 
disposal rate” and the “thyroid accumulation rate” 
of Keating and associates (7). 

The observation that the thyroids of patients 
with kidney disease continued to take up radio-io- 
dine after 26 hours, in contrast to those of normal 
individuals, is most likely due to the fact that such 
thyroids are presented with higher plasma levels 
for longer periods of time. In the patients with 
kidney disease who, as noted, were clinically eu- 
thyroid and had normal levels of protein bound 
iodine in the plasma, there was a significant de- 
crease in the rate of clearance of radio-iodine from 
the plasma by the gland. This could be due to 
either decreased activity of the gland or to dilution 


of the isotopic iodine with the high plasma levels 


of stable iodine or to both. In six patients in 
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whom it was indirectly measured, the fasting 
plasma I*** level was on the average over 10 times 
higher than in the control subjects, therefore con- 
siderable dilution of the I'*' by the stable isotope 
occurred, thus explaining in part the decreased 
uptake of I'*. As regards the possibility of a de- 
creased avidity for iodine of the thyroid glands 
of subjects with renal disease, on calculating the 
actual hourly uptake of I'*? by the glands, it was 
shown that the amount of iodide entering the gland 
per hour was actually higher than in the control 
subjects. As the patients were clinically euthyroid 
with normal levels of protein bound plasma iodine, 
it would seem that hormone formation was not in- 
creased. The increased entry of iodide molecules 
cannot be explained on the basis of an increased 
accumulation, for the capacity of the gland to hold 
It must therefore be as- 
sumed that any increased uptake of inorganic 
This im- 
plies an increased rate of exchange between the in- 


iodide cannot be infinite. 
iodine is balanced by an increased loss. 


organic iodine of the gland and of the plasma, the 
precise condition which would be expected in the 
presence of higher iodide concentrations in two 
tissues in equilibrium with each other. That there 
exists a dynamic equilibrium between the iodide 
of plasma and that’ of thyroid over a wide range 
of plasma iodide concentrations has been shown by 
Vanderlaan and Vanderlaan (18). 

Despite the diminished clearance of I'*! from 
the plasma and the decreased rate of accumulation 
of I'*' by the thyroid, it was noted that the 26 hour 
thyroid uptake, though lower than similar deter- 
minations on control subjects, was not greatly so. 
It would seem that two opposing factors are at 
work—a dilution factor due to elevated stable io- 
dine plasma levels which lowers the amount of the 
radioactive isotope entering the gland, and a re- 
tention factor which presents the thyroid with 
higher levels of I'*' for a longer time. 

In 11 patients the 26 hour uptake of radio-io- 
dide was within normal limits except in one el- 
derly man where it was quite low. It has been 
noted, however, by Perlmutter and Riggs (19) 
that low uptakes of radio-iodide are common in 
the aged. It would seem therefore that where the 
question of thyroid assessment comes up in sub- 
jects with renal disease and an isolated proce- 
dure is used, the 24-26 hour im vivo measurement 
of thyroid uptake of I'*' gives reasonably accurate 
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information. This is in marked contrast to uri- 
nary excretion data or thyroid clearance or ac- 
cumulation rates of I'*! which, if carried out on 
patients with renal failure, can give a quite false 
picture of thyroid function. 


SUMMARY 


The urinary excretion and thyroid uptake of 
radioactive and stable iodide under fasting con- 
ditions were studied in a group of patients with 
renal disease and compared with similar values in 
a group of control subjects. 

It was found that there was a low rate of excre- 
tion and a depressed renal clearance of iodine iso- 
topes but in the patients with renal disease a 
greater proportion of the tubular load was reab- 
sorbed. This was in contrast to the tubular han- 
dling of another halogen ion, chloride. 

The rate of accumulation of radio-iodide by the 
thyroid gland was depressed as was also the “ex- 
tra-renal disposal rate” of iodine calculated from 
urinary excretion data. Low values were also 
found for plasma clearance of radio-iodide by the 
thyroid gland. This was ascribed in part to a di- 
lution of the radioactive isotope by retained stable 
isotope of dietary origin. When the amounts of 
stable iodide (I'*?) involved were computed it 
was found that actually more iodide was entering 
the thyroid per unit time than was the case in the 
control subjects. As the subjects were euthyroid 
and had normal levels of protein bound iodine in 
the plasma it was concluded that the increased up- 
take of iodide by the gland did not lead to an in- 
creased production of thyroid hormone. 
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INTRODUCTION 


The present paper deals with the development 
of an apparatus for delivering controlled electric 
stimuli, and with an attempt to discover which 
physical aspect of 60 cycle alternating current 
(voltage, amperage, or wattage) is most closely 
related to discrimination of shock stimuli in psy- 
Shock, of course, has 
been the most widely used, and the most con- 


chological experiments." 


venient type of noxious stimulus for many psy- 
chological studies. However, “convenient” should 
be italicized for, while shock is usually rather sim- 
ple to apply, accurate control of the most effective 
physical aspect of this stimulus is difficult. 

A survey of the literature indicates that con- 
trol of voltage alone in psychological studies is 
quite unsatisfactory. This is frequently the case 
even when considerable physical resistance is added 
to the circuit in series with the biological materials. 

Problems relating to the use of electric shock 
stimuli were considered in a round-table discus- 
sion of the American Psychological Association 
(2,3). 


among members, the general opinion seemed to be 


Although there was no close agreement 


that amperage was the physical aspect of shock 
which should be Muenzinger and 
Walz (4) developed a method for controlling 


controlled. 


D.C. current (to a great extent) despite variations 
in skin resistance. This technic has proved quite 
satisfactory for a number of purposes. However, 
the few psychophysical experiments that have been 
performed with control of amperage have yielded 
disparate results. Thus, Dalziel and Lagen (5) 
found that the integumental threshold for 60 cycle 
alternating current was 1.1 milliamperes (ma.), 


while Forbes and Bernstein (6) found great fluc- 


? Ramifications of the obvious fact that the value or 
function that shock acquires is different for different 
individuals will not be considered in this paper; cf. 
Tompkins (1). 


tuations. In a study using a modified method 
of limits while controlling wattage, Gilmer (7) 
found a mean absolute threshold at 0.3 ma. at a 
frequency of 64 cycles per second, and a mean 
threshold value of 3.0 ma. at a frequency of 12,500 
cycles. It is known, of course, that differences in 
electrode materials and differences in their size, 
shape and location may introduce artifacts; how- 
ever, it would seem that the discrepancies have been 
so great that they cannot be accounted for on the 
basis of electrode error. It is evident, therefore, 
that the possibility must be considered that power 
may be the most relevant measure of electric shock 
stimuli in psychological studies. Such a con- 
clusion was reached by Forbes and Bernstein (6) 
who stated that “neither voltage nor current alone 
is a Satisfactory index of the sensory effects of 
shock. The results do suggest that power may 
be such an index.” 

Quite uniform and stable power thresholds were 
obtained by Gilmer in the study mentioned above 
(7). He used a method of limits in which a milli- 
watt (mw.) scale was employed for determining 
limens at nine frequencies that ranged from 64 to 
12,500 cycles per second. Thresholds were found 
to be almost identical for his four subjects, being 
30.88 mw. at 64 cycles and 392 mw. at 12,500 
cycles. 

In support of the hypothesis that power is the 
most significant physical aspect of shock, it might 
be noted that several of the devices used for con- 
trolling amperage also reduced variations in power. 
Certainly Muenzinger and Walz (4) reduced the 
Variation in power as they reduced the error in 
amperage. Also, it might be pointed out that the 
introduction of complemental resistance into the 
stimulating circuit in physiological experiments 
seems to reduce fluctuations in stimulus power. 
Thus, Jasper (8), in adding 15,000 ohms in series 
with the subject during studies on chronaxie, was 
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in effect exerting control of the energy of the stim- 
ulating circuit. 

There are indications, also, that power has been 
partially controlled in conditioning studies. For 
instance, in studies on dogs, Kellogg (9) main- 
tained a voltage that was just sufficient to force a 
flexion reflex of four inches. Kellogg, Pronko, 
and Headlee also used this method for investiga- 
tions of drugs (10) wherein they believed it neces- 
sary to control the unconditioned response accord- 
ing to a behavioral index of the effectiveness of 
the shock. Later Spooner and Kellogg (11) ex- 
tended this type of shock control, on the basis of 
a reaction index, to the conditioning of the finger 
withdrawal in human subjects. Inspection of 
Kellogg’s (9) voltage curves suggests that the 
uniformity of the unconditioned response was 
achieved through at least partial control of the 
power of stimuli. This is indicated by the gradual 
decline in the voltage necessary to elicit the un- 
conditioned response as the experiment progressed. 
Since it may be assumed that the resistance of the 
biologic circuit declined progressively after re- 
peated shock stimuli, it is apparent that the voltage 
required to deliver a constant power would also 
be reduced concomitantly. 

The control of shock stimuli in terms of the 
physiological reaction which they produce has 
been employed in other areas of conditioning and 
in neuropharmacological investigation (Wikler 
[12]). However, it seems to be somewhat inade- 
quate for human studies. One of the reasons is 
that the frames of reference are different. Extra- 
polation from results obtained in studigs where a 
reaction was forced by shock, to results obtained in 
human discrimination of the intensities of stimuli, 
would seem unwarranted. It would be desirable, 
therefore, to discover the relative effectiveness of 
amperage and wattage in representative experi- 
mental situations ; ¢.g., in purely physiological stud- 
ies, in conditioning studies, in discrimination stud- 
ies and in any other situations displaying unique 
characteristics. It may be that the effective elec- 
trical index in one will be found to be the effective 
index in all others; this remains to be tested. 

Our own pilot work was begun with a modified 
method of single stimuli using a voltage scale. 
Standard stimuli were applied one hour previous 
to the administration of six test series of 11 stim- 
uli each. The subject reported verbally his judg- 
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ment of whether the variable shocks were 
“stronger” or “weaker” than the previously given 
standard. Both delivered voltage and amperage 
were recorded for each stimulation. Results, com- 
puted separately on the basis of delivered voltage, 
amperage and power, showed that voltage was the 
least significant characteristic; also these compu- 
tations gave strong indications, but did not prove, 
that power was the most important physical char- 
acteristic affecting judgments. 

This work showed one thing quite conclusively. 
If experiments of any precision were to be under- 
taken using shock stimuli, a method must be de- 
veloped for accurately predicting the voltage neces- 
sary for producing desired amperages or wattages 
once the skin resistance was known. A direct 
application of Ohm’s law could not be relied upon 
in this situation since it is known that capacitance 
is a factor of some magnitude which must be taken 
into account in studies on biological circuits 
(Curtis [13]), especially when skin impedance is 
relatively high. Therefore, for present purposes 
it was necessary to devise an apparatus which could 
be used to deliver shock stimuli of known wattage 
or amperage, and to construct empirical power 
curves for the purpose of pre-setting the stimula- 
tor for desired shock intensities. After this was 
accomplished, a procedure was developed to de- 
termine the relationship of induced pain to the 
wattage and amperage of electric shock stimuli. 


METHODS 


Apparatus. The biologic resistance of the subject be- 
fore and after stimulation was measured by use of a 
General Radio A.C. bridge (Type 650 A). In making 
such measurements the capacitance of the subject was 
balanced out by adding the required capacitance to the 
opposite arm of the Wheatstone bridge. A cathode ray 
oscilloscope was used to determine the state of balance 
in the bridge circuit. 

The circuit of the 60 cycle A.C. stimulating apparatus 
is illustrated in Figure 1. Essentially, this consists of 
two parts: (1) a stimulating circuit which permits re- 
cording of impressed voltage and actually delivered am- 
perage, and (2) a trigger and relay system which limits 
the duration of the stimulus to exactly 0.1 second and 
prevents accidental repetitive shocking of the subject dur- 
ing a 30-second period after each stimulation. 

The stimulating circuit is composed of a line source 
variac and transformer which permits delivery of 0-600 
volts 4.C. to the subject through an external resistance 
of 10,000 ohms. The latter serves to minimize the effects 
of variations in the subject’s impedance during passage 
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of the stimulating current. Root-mean-square amperage 
of the stimulating current actually delivered to the sub- 
ject is measured by a separate circuit (insert, Figure 1). 
Flow of current in this circuit is induced by that passing 
through the subjcct during stimulation. The A.C. in- 
duced current is converted by a rectifier into D.C. surges 
which charge a series of condensors, The resulting vol- 
tage drop across one of the condensors, as measured by a 
standard D.C. vacuum tube voltmeter, is therefore pro- 
portional to the 4.C. current passing through the subject. 

The trigger and relay system limits the stimulating 
current to a duration of 0.1 second by a circuit consisting 
of Relay #1, resistor condensor C,, and chyratron 
tube 2021 and a power source P. 
B is closed, current flows through this circuit, Relay #1 
remains activated and contacts A and D remain open. 
When contact B is opened, this circuit is broken, thereby 


As long as contact 


permitting contacts 4 and D to close and the stimulating 
current to pass through the subject. The opening and 
closing of contact B is almost instantaneous (see below). 


Hence, the circuit is restored almost immediately after 


(INSERT: CURRENT 
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stimulation is begun. However, contact A remains closed 
until Relay #1 is reactivated. This interval (0.1 second) 
is determined by the characteristics of thyratron tube 
2D21, R,, and C,, since immediately after the opening of 
contact B, condensor os discharges and when its potential 
drops to about zero, the thyratron tube is fired and Re- 
lay #1 is reactivated, thereby opening contacts A and D. 
Prevention of accidental repetitive shocking of the sub- 
ject for a period of 30 seconds is insured by the circuit 
consisting of switch Ss, condensor C., resistor fies and 
Relay #2. When switch S, is closed (by the subject or 
the experimenter), condensor C,, discharges, thereby ac- 
tivating Relay #2 and opening contact B for a very brief 
period (approximately 10 msc.). The values of C,and R, 
are such that 30 seconds are required for recharging C. 
to a voltage which is high enough again to activate Re- 
lay #2. 

Subjects. All subjects used in this investigation were 
male prisoner patients with previous histories of drug 
addiction (‘“‘post-addicts”) who had not received drugs 
for several months prior to the present study, and who 
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volunteered to serve as subjects for these experiments. 
Forty individuals were used in experiments which were 
made for the purpose of constructing empirical and ra- 
tional power curves and 12 others served in experiments 
which were designed to determine whether electrically 
induced pain is related more closely to the amperage or 
the wattage of electric shock stimuli. 

Procedure. A. Construction of empirical power curves. 
The following rather simple method was used for this 
purpose: (1) stimulating the experimenter and other 
“willing” subjects at progressively increasing intensities 
to a power level that was definitely painful; (2) selecting 
a group of subjects whose skin resistance would cover 
the range to be expected; (3) stimulating these subjects 
with powers that varied randomly, from those which were 
quite low to those which were considerably higher than 
the level which was painful to the experimenters; (4) 
plotting the delivered powers, from calculations of P= 
I?R, as functions of skin resistance on the abscissa and 
voltage on the ordinate; (5) sketching a power curve 
covering all resistances, that was equal to the power 
reported as painful by the experimenters; (6) sketching 
two end power curves, one lower and one higher than the 
standard which were equidistant in power from the lat- 
ter, and which could be distinguished from it in ap- 
proximately 100 per cent of the trials; (7) interpolating, 


according to the calculated powers, four steps between 
each end point and the standard, thereby providing a 
scale of nine powers. (Only three curves are presented 
in Figure 2; these are for the standard and the two end 
powers. ) 

It was found that biological resistance, not including 
complemental resistance, ranged from approximately 
700 to 10,000 ohms. For the reasons stated above, a com- 
plemental resistance of 10,000 ohms was added in series 
with the subject in the stimulating circuit. It will be 
noted, however, that biological resistance, or its equiva- 
lent, and not total resistance has been plotted in Figure 2. 
The addition of 10,000 ohms of complemental resistance 
inverts the power curves from the position they would 
occupy were power calculated on the basis of the bio- 
logical resistance alone as long as the biological resistance 
is less than the complemental resistance. (Simple cal- 
culations on the basis of Ohm’s law will show that when 
the biological resistance is greater than the complemental 
resistance, the voltage which is necessary to deliver any 
given power to the subject increases concomitantly with 
increase in biological resistance.) Necessary voltage, on 
the ordinate, for delivering desired powers as these biologi- 
cal resistances, ranged from 150 to 600 volts. The power 
scale finally decided upon was built around a standard 
of 1.65 watts. These powers were approximately 1.05, 
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1.20, 1.65 1.95, 2.10, and 2.25 
watts 
In employing the charts for the purpose of delivering 


shock stimuli at any desired power, the appropriate power 


1.35, (standard), 1.80, 


curve was identified and the necessary shocking voltage 
was determined for the particular skin resistance (com- 
plemental plus subject's resistance) before each stimula- 
tion. 

B. Relationship of induced pain to characteristics of 
The method for determining the relative 
effectiveness of amperage and power was rather simple 


shock stimuli 


after the apparatus and the empirical power curves were 
developed, and after it had been shown that skin re- 
sistance could be markedly reduced by scrubbing the 
with saline The 12 post-addict subjects 


fingers paste 


and no medication 


After each subject was shown into the 


were all given the same treatment 
was administered 
quiet, air-conditioned experimental room, the electrodes 
were applied and held in place by a “4 inch rubber band. 
The steel plates 
measuring approximately 3 * 5 cm. which fitted the con- 
tour of the dorsal and palmar surfaces of the fingers. 


Each plate was connected to the stimulating apparatus by 


electrodes consisted of two. stainless 


means of insulated wire leads which were fixed to bind- 
ing posts in the center of the electrodes. They were coated 
with saline paste but were applied without scrubbing the 
was then obtained after balanc- 
Under these conditions most indi- 


fingers. Skin resistanc: 
ing the capacitance 
viduals’ skin resistance was found to be relatively high 

Six shocks of progressively increasing power were 
then of the standard 
To give the sub- 
ject practice in comparing intensities, a complete series 


delivered terminating with two 


stimuli of approximately 1.65 watts.? 


of nine shocks was administered in predetermined ran- 
The 
subject responded to each shock by reporting verbally 


dom order at approximately 45-second intervals. 


whether it was stronger or weaker than the previously 


given standards. (No equal judgments were allowed.) 
On completing this practice series, the subject was given 
four more stimuli of standard strength, preceded by the 
told to 


strength of these standards since, after a one-hour in- 


following information: he was remember the 


terval, his judgment would be required on several 


more series.§ The subject was then returned to the 


waiting room 


*We found frequently in our exploratory work that 
the first and sometimes the second stimulation produced 
greater power than predicted; thus during the initial 
stimulation for all individuals, the delivered power of 


each stimulus, including the first two standards, was 
calculated immediately after stimulation, using the for- 
mula I2R. This procedure provided a check on the stand- 
ard power, as it was occasionally necessary to shift the 
voltage upward or downward to obtain the desired power. 
Also, this procedure obviated excessive stimulation. 

8 This method of administering the standards an hour 
previous to the experimental series was employed to 
parallel a subsequent discrimination study (14). 


pared somewhat differently. 
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The subject returned to the experimental room after 
the one-hour interval, and the electrodes were re-applied. 
However, at this sitting, the subject's fingers were pre- 
The fingers were cleaned 
with acetone and both surfaces were scrubbed thoroughly 
with a toothbrush coated with electrode paste. The lat- 
eral surfaces were wiped with acetone, and the electrodes 
applied with a uniformly thin covering of saline paste. 
Two test series, similar to the practice series except 
for differing stimulus order, were then administered. 
(The first stimulus for the first series was at a con- 
siderably lower power than the standard.) Prior to each 
of the series the subject was told to judge each shock 
as to whether it was stronger or weaker than the pre- 
viously given standards, and not to compare them with 
each other. 

The manipulation of skin resistance provided the per- 
tinent data. Applying the electrodes without scrubbing the 
fingers previous to the practice series and administration of 
the four standards, resulted in standard shocks being given 
at relatively high and constant biological resistances. Thus, 
each individual received shocks of standard amperage and 
standard wattage. However, when the subject returned for 
the test series, the scrubbing procedure reduced the skin 
resistance markedly. The test series were power series; 
therefore, regardless of biological resistance, approxi- 
mately the same powers were delivered that had been 
But, due to the decrease 
in biological resistance, amperage, in contrast to power, 
was greatly increased over that given during application 
of the standards. 

Thus, upon beginning the test series, the subjects had 
equal opportunity to judge on the basis of either am- 
perage or power, since they had received standards of 
each, central tendencies being equal. As indicated, in 
order to make the first judgment decisive, a power much 
lower than the standard was administered as the first 
test stimulus. The power for this first stimulus was 
much lower than the standard, whereas, for the majority 
of subjects, amperage was much higher than the stand- 
ard because their biologic impedance had been reduced 
greatly by the skin-scrubbing procedure. Hence, if the 
subjects judged the intensity of the stimulus on the basis 
whereas, if 


given during the practice series. 


of its power, they would respond “weaker, 
judgments were made on the basis of amperage the re- 
sponse would be “‘stronger.” 

Treatment of data. Errors in discrimination were 
Those that were made when calculations were 
were compared with those made 
on wattage. The first 
judgment on the 


compared 
based on amperage 
when calculations were based 
comparison was between errors in 
first stimulation of the first series; it was so clear-cut 
that no statistical tests of significance were required. 


In that study it was necessary to determine whether 
morphine impaired the ability to discriminate different 
intensities of painful stimuli; therefore, all the pre-test 
standards were given under non-drug conditions and the 
one hour interval provided time for the administration and 
action of morphine. 
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However, as one would there were errors on 
both indices when a comparison of total errors was made 
for Series 1 and Series 2. These were evaluated by using 
the difference method of the ¢ test (Edwards [15] iP 


expect, 


RESULTS 


The functioning of the apparatus was satisfac- 
tory for our purposes. The mean of the delivered 
preparatory standards for 30 subjects was 1.66 
watts, and the mean of the delivered series stand- 
ards was 1.64 watts (predicted: 1.65 watts). 
The standard deviation of the differences between 
the preparatory and series standards for this group 
was 0.039 watts. 

It was found, with one exception, that the vol- 
tage necessary to obtain a particular power in a 
biological circuit of a certain measured resistance 
does not correspond with the pom calculated 
by means of Ohm’s law. In Figure 2 are shown 
the relationships between E and F in a purely 
physical circuit that includes only resistance (curve 
B’), and three different apparent powers in biologi- 
cal circuits (curves A, B, and C).* The biological 
circuit included the subject’s pre-stimulation re- 
sistance as well as unknown capacitance and in- 
ductance. It will be noted that for resistances that 
are considerably higher or lower than 2,300 ohms, 
the biological E-R curve for the standard power 
diverges somewhat from the equivalent curve for 
physical power. In all probability this is because 
the effective E for a biological circuit of unknown 
capacitance and inductance is a function of these 
variables and therefore is apt to be different from 
the pre-set E which was estimated from calibra- 
tions on a purely physical circuit. Although 
changes in impedance following shock could not 


‘In Figure 2, curve B’ represents the relationships 
between E and R for one given power (standard) as cal- 
culated from the equation E = Vv PR which is another 
form of Ohm's law for a physical circuit. Curves A, B, and 
C are rational curves for biological circuits derived from 

10 P(R +K 10R 
the equation E = V nila § in which d = 
d 


. These curves were found to correspond quite 


-NRGK 
closely to a actual plots of observed E and R for any given 
power as calculated by the equation P = I?R. Possible 
reasons for the differences in E — R relationships in 
biological and physical circuits are discussed in the text. 
The use of the rational equation has the advantage that P 
can be calculated in terms of E and R alone, without the 
use of J. However, curves identical with these would not be 
expected if the stimulator components were changed since 
the internal resistance and internal conductance would 
vary from instrument to instrument. 
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TABLE 1 


Significance for differences between the mean errors in 
judgment on amperage as opposed to those on wattage 


| Mean errors | | sim 
| differ differ. t pe 
| Power A Ar nperage| — ence 
Series 1 | 2.08 | 442 | 2.34 b 0.742 | 3.15 | <1% 
Series 2 | 2.00 | 4.67 2.6 | 0.689 | 3.88 <1% 


* The P column indicates the percentage of such rene 
that would be expected to occur by chance. 


be measured, it was found that capacitance in- 
creases as biological resistance increases, being 
of the order of .05 microfarad at 10,000 ohms. It 
will be noted that the greatest divergence of the 
“physical” and “biological” curves occurred in the 
region at which pre-stimulation capacitance was 
greatest (Figure 2). 

As would be expected, the E to J relationships 
for the biological circuits also did not conform to 
those which would be anticipated on the basis of 
Ohm's law in a physical circuit. 
appeared to be largely independent of the pre- 
stimulation resistance, and was almost entirely a 
function of E. Therefore, as R decreased, both E 
and J were increased for any particular delivered 
power. 

The first treatment of the data of the experi- 
ments on the relationship of pain to the charac- 
teristics of shock stimuli was a comparison of er- 
rors for the first test stimulations. Scrubbing the 
fingers with saline paste before applying the elec- 
trodes for the test series resulted in a drop of skin 
resistance from a mean of 5,567 ohms for the pre- 
paratory standards to a mean of 1,758 ohms for 
the first test stimulation. Mean power and mean 
current for these two conditions changed from 
1.68 to 0.87 watts, and from 17.9 to 22.8 ma., 
respectively. Nine of the subjects received greater 
amperages on the first test stimulation than on 
the standard, while in all cases power was much 
less than the standard. All subjects who had a 
clear-cut choice responded in favor of power, t.e., 
100 per cent gave the response “weaker.” This 
finding is all the more significant since, in many 
cases, the difference in amperage was much greater 
than indicated. 

Table I shows the significance of the differences 
between total errors in judgment when all re- 
sponses were evaluated in comparison with de- 
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The first 
Only one of the sub- 
jects made more errors when calculations were 


livered amperage or calculated power. 
comparison is for Series 1. 


based on power than when they were based on 
amperage (this subject’s judgments were quite 
erratic). The ¢ between power and amperage 
was 3.15. This probability of chance occurrence 
(less than 1 per cent), which is statistically very 
significant, would have been even less if a greater 
number of subjects had been tested or if more 
control of skin resistance had been obtained.’ 

Table I also presents a similar comparison for 
Series 2. The errors on amperage in relation to 
those on power were even more marked than for 
Series 1; the t between errors was 3.88, giving a 
probability of chance occurrence of less than 1 
per cent. The significance of this t for Series 2 
may be somewhat attenuated, however, since cen- 
tral tendency of judgments may have begun to 
operate. 


DISCUSSION 


The apparatus functioned satisfactorily in our 
experimental situation, and the errors between 
predicted and delivered power were compara- 
Nevertheless, if much smaller step 
intervals of power were used, or if an experimental 
design necessitated great precision, further re- 


tively small. 


finement in control would be needed. However, 
it would appear that the accuracy which was at- 
tained would be sufficient for the majority of psy- 
Variability of several hun- 
dredths of a watt very probably would not be re- 


chological studies. 
flected in the outcome of conditioning work. 
Certainly for experiments in discrimination, and 
for other studies that we have underway in which 
short term disruption of behavior is introduced by 
shock, our control of power is far superior to con- 
trol of voltage, or of amperage as previously used.° 

5 Several factors were operating against an outcome 
in favor of power: (7) as shown in a separate study (14), 
* they would tend to re- 
“stronger”; (2) power was occa- 
sionally greater on first stimulations than predicted; (3) 
if the scrubbing procedure sensitized the skin there would 


if the subjects were “anxious’ 
port stimuli as being 


be a tendency to report “stronger” more frequently. 

* Although extrapolation may not be warranted from 
our results on verbal report to the effective stimulus in 
electroshock controlled 
power in such situations might result in more adequate 
control Arieff's paper (16) indi- 
cates some of the difficulties in this area 


convulsions, investigations of 


of induced seizures 
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Aside from comparatively small errors in pre- 
dicting delivered power, there are several disad- 
vantages in the present form of the apparatus. 
The complexity of design requires the services of 
either a physicist or a person of considerable elec- 
tronic inclination. This complexity also makes it 
an impractical instrument for the average psycho- 
logical or physiological laboratory in which severe 
limits are frequently placed upon expenditures. 
However, further work will probably result in a 
simplified method for controlling power. 

As indicated by Curtis (13), it was maintained 
for some time that a completely new set of laws 
other than those describing physical circuits would 
have to be developed for assaying biological ma- 
terials. However, as he points out, the apparent 
discrepancies may be quite easily due to the com- 
plexity of biological circuits, and to the great 
difficulty of compensating for, of controlling, or 
even of measuring changes in the material under 
study.’ 

As indicated, one of the sources of error may 
possibly be that of shock-induced changes in ca- 
pacitance or in the other characteristics of im- 
pedance. In a circuit that includes resistance, ca- 
pacitance, and inductance, power is expressed by 
the equation P=I*Z. Z, the impedance of the 
circuit, is a function of resistance, capacitance, and 
inductance, the value of which can be determined 
only if the values of these variables and their 
series or parallel relationships are known. Ob- 
viously, except for the subiect’s pre-stimulation 
resistance, such factors are unknown in the bio- 
logical circuits obtained in the present experi- 
ment. Hence, in this paper the term “power” has 
been used to indicate the apparent power given by 
the equation P = 
index may not correspond in all instances with the 


Although such a power 


true power, it has considerable utility in that its 


7 Over 40 years ago, it was pointed out that in physio- 
logical studies, electric stimulators should be calibrated 
in terms of a particular physiological response (Martin, 
E. G., A quantitative study of faradic stimulation. I. The 
variable factors involved; and V. The influence of tis- 
sue resistance and of kathode surface on stimulating ef- 


fectiveness. Am. J. Physiol., 1908, 22, 61; and 1910, 
27, 226). This investigator demonstrated that the con- 
tractions of frog’s gastrocnemius muscle correlated fairly 
well with the amperage of make or break faradic shock 
stimuli. He did not investigate the relationships between 
such responses and the wattage of electric shock stimuli. 
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use makes possible the control of stimulation with 
respect to a physical measurement which, as has 
been shown, correlates highly with estimation of 
pain intensities. Actually, as mentioned, for re- 
sistances of about 2,300 ohms, “apparent power” 
corresponded quite closely with calculations of 
power based on Ohm’s law in a purely physical cir- 
cuit which included only resistance. In addition, 
the data show that power (I?R) may be predicted 
in a biological circuit with a comparatively small 
degree of error provided the pre-stimulation re- 
sistance of the subject is known and the initial im- 
pedance of the stimulating source is kept constant. 

The main purpose of the experiment was to de- 
termine which characteristic of electric shock stim- 
uli, amperage or power, was more closely related 
to the subject’s report of the intensity of electrically 
induced pains. The two types of analysis of the 
data were in very close agreement. The data prove 
conclusively that power is the more important 
physical variable in determining verbal reports of 
the intensities of shock stimuli. In several stud- 
ies mentioned in the introduction and in our own 
pilot work, evidence was adduced showing that 
voltage is a less significant variable than amperage. 
Therefore, we are led to the conclusion that of 
the three physical variables of shock stimuli, wat- 
tage is the one that should be controlled. When 
this is done, electric shock stimuli may prove to be 
not only a convenient stimulus for use in psycho- 
logical studies on pain, but also an accurate one. 

It should be pointed out that in our experiment 
the delivered powers of electric shock stimuli were 
nearly equivalent to delivered energies, since the 
duration of the stimulus was always 0.1 second. 
In this connection it is pertinent to note that the 
delivered energy of radiant heat stimuli has also 
proved to be useful in studies on pain (Hardy, 
Wolff, and Goodell [17]). This suggests the pos- 
sibility that with any given technic for inducing 
pain, the relationship between pain intensity and 
the physical aspect of the stimulus can be de- 
scribed most accurately when the latter is ex- 
pressed in terms of energy appropriate to its 
source—electrical, thermal, mechanical, photic, 
sonic, ete. 

SUMMARY 


1. An apparatus has been described that could 
be modified for controlling either the delivered 
wattage or the delivered amperage of electrical 
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stimuli of fixed duration, and which provided a 
safety device to avoid accidental repetitive shock- 
ing. 

2. With one exception, the data obtained indi- 
cated that the power developed by a particular 
voltage in a biological circuit of a certain measured 
resistance does not correspond with the power 
developed at the same physical resistance by the 
same voltage. This suggests that a_ biological 
circuit is characterized not only by resistance, but 
by unknown capacitance and inductance. There- 
fore, delivered wattages calculated on the basis 
of P = I°R, where R is merely the pre-stimulation 
biological resistance, are only “apparent” powers. 
However, under the conditions of our experiments, 
such “apparent power” corresponded quite closely 
to J?R values calculated on the basis of an equiva- 
lent physical circuit. 

3. Post-addict subjects judged the intensities of 
electric shocks delivered by the apparatus. The 
correspondence of the subject’s verbal reports 
with the amperage and the wattage of stimuli was 
measured separately, and the differences were 
statistically evaluated. After a practice series 
which was followed by the application of four 
stimuli of standard amperage and wattage, re- 
sistances were reduced by scrubbing with saline 
paste the surfaces to which the electrodes were 
applied. Two consecutive power series of nine 
stimuli each were then administered. In each of 
these test series, one stimulus was of the standard 
power and four were higher and four were lower 
powers than the standard. Due to the decrease in 
resistance following the scrubbing procedure, the 
amperages of the test stimuli were considerably 
higher than those of the practice period. In re- 
sponse to each stimulus, the subject reported 
whether it was “stronger” or “weaker” than the 
previously administered standard. 

4. It was shown quite conclusively that apparent 
delivered wattage correlates more highly than am- 
perage with estimation of the intensities of elec- 
tric shock stimuli. 

5. The application of these findings to studies 
on pain and to other problems is discussed. 
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INTRODUCTION 


The testing of analgesics, especially morphine, 
has yielded a great deal of conflicting evidence 
concerning the effects of drugs on pain perception. 
The recent reviews by Wikler (1) and Edwards 
(2), and the monograph by Wolff and Wolf (3), 
cover thoroughly the studies that have attempted 
to measure changes in the pain perception thresh- 
old. Although many investigators have reported 
rises in the pain perception threshold of some of 
their subjects following the administration of 
morphine, the majority have obtained variable 
results. Wolff, Hardy, and Goodell (4) found 
consistent rises following the administration of 
morphine under certain conditions. Using the 
same technique, Andrews (5), Isbell (6), Denton 
and Beecher (7), and Chapman and Jones (8) 
found, following morphine, that the pain percep- 
tion threshold might be elevated, lowered or un- 
changed. Similar results were obtained by Isbell 
and Frank (9) in studies on the effect of analgesics 
on tooth pain perception thresholds. 

It would seem that the discrepancies were not 
due to faulty apparatus or lack of objectivity in 
handling the data. Rather, the reasons appear to 
lie in conditions that were not held constant or 
that were beyond the control of the experimenters. 
One such variable that has been mentioned in 
several studies as possibly contributing to un- 
predictability of results is the “emotional” status of 
the subject at the time the experiment is performed. 
Included would be such factors as response of 
the subject to the experimental room, to the com- 
plex apparatus, to the attitude of the experimenter, 
and to the expected painful stimuli. The uncon- 
trolled variable in the subject’s behavior would 
then seem to comprise that class of responses which 
is termed anticipatory, 1.e., especially affectively 
toned responses that are anticipatory of pain. 
This, of course, is one type of fear or “anxiety.” 
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Isbell and Frank (9) also studied the effect of 
morphine on the ability of subjects to estimate in- 
tensities of painful stimuli. In their investigation, 
the pulp nerve of a tooth containing a silver amal- 
gam filling was stimulated electrically at inten- 
sities three times the absolute perception thresh- 
old value. These stimuli, which served as stand- 
ards, were definitely painful. After morphine the 
subjects were required to manipulate rheostat 
knobs on the stimulating apparatus until the test 
stimuli were reported as being equal to the stand- 
ard. (The apparatus was so adjusted that turns 
of the knob did not correspond with the intensity 
of stimuli or with dial scale readings.) No change 
in the accuracy of estimation of painful stimuli was 
observed following the administration of mor- 
phine. However, analysis of the conditions under 
which the studies were conducted indicates that 
considerable effort was expended to reduce anxiety 
in the subjects; they were given considerable con- 
trol of the experimental situation since they manip- 
ulated the stimulator knob themselves and applied 
the electrode to their own tooth fillings. In ad- 
dition they were trained in estimating intensities 
of painful stimuli for approximately one week 
prior to testing. In view of conditions and results 
discussed in published studies on pain perception 
thresholds, it might be expected that if conditions 
had been favorable for enhancement of anxiety 
(anticipatory responses to expected unpleasant 
stimuli), Isbell and Frank would have obtained 
different results. 

The present investigation is an attempt to de- 
termine the extent to which anxiety and morphine 
alter pain intensity estimation. The experiment 
was designed to investigate the effect of controlled 
variations in the experimenter’s treatment of the 
subject on estimation of pain intensities, while the 
number, the order, and the intensity of the stimuli 
were kept constant for all groups. If it could be 


\ 
~ 


474 H. E, HILL, C. H. KORNETSKY, 
demonstrated that morphine alters pain intensity 
estimation under the usual experimental con- 
ditions and produces no comparable alteration un- 
der circumstances designed to alleviate anxiety, 
it would be very strongly indicated that morphine 
exerts a significant influence upon pain intensity 
estimation only when anticipation of pain is pres- 
ent. The conclusion would then be apparent that 
failure to consider the variable of anticipation 
might be responsible for the reported variations in 
pain perception thresholds following the adminis- 
tration of analgesics. 

Specifically, the present report deals with the 
effects of single analgesic doses of morphine (15 
mg. subcutaneously) on the ability of subjects to 
compare intensities of painful stimuli under two 
conditions: (1) proceeding with the experiment 
in the usual way without familiarizing the sub- 
ject with the potentially “fear-inspiring” experi- 
mental situation; and (2) preceding and accom- 
panying experimentation with measures designed 


to allay the subject’s anxiety. As indicated, it was 


hypothesized (a) that overestimation of intensity 
would occur under condition (1), (/) that mor- 
phine would significantly reduce this overestima- 


tion, (c) that little overestimation of the stimuli 
would occur under condition (2), and (d) that 
morphine would exert no significant impairment 
of estimation under condition (2). 


METHODS 


Subjects. Forty-two white and colored post-addicts 
(individuals with previous histories of opiate addiction 
who had not received such drugs for a period of several 
months prior to the experiment) acted as subjects. They 
were unselected except that several prospective subjects 
were disqaalified, some because of ill-health, others be- 
cause of refusal to complete the test, and others because 
of apparatus at the time of testing. 
Fach subject served two days, the sessions being sepa- 
rated by 48 hours. Half of each group received medica- 
tion on the first day and the other half received it on 
the second day. Assignment to particular groups was 
made a week in advance, eliminating contact between 
experimenter and subject prior to the test. Scheduling 
in this manner provided two similar groups; in lieu of 
more appropriate “Formal” 
Group and the other the “Informal” Group according to 
the treatment they would receive 

As indicated, differentiation between the groups was 
accomplished by the experimenter’s attitude toward the 
subjects and was based upon the degree of formality 
with which the test conducted. The so-called 


difficulties with 


labels one was termed the 


was 
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“Formal” Group was processed in a manner similar to 
that employed in the usual experiments on pain. Little 
explanation of the test procedure or the apparatus was 
proffered. Actual testing was conducted in a darkened 
room surrounded by complex electronic equipment. From 
the time the subject was called to the testing room to 
the time he was dismissed, the relations between experi- 
menter and subject were strictly impersonal but not un- 
friendly. In this group electric shocks were administered 
by the experimenter after a warning light was flashed. 

In the treatment of the “Informal” Group a very casual 
manner was adopted. This consisted of conversing with 
the subject in the waiting room, describing as much as 
was feasible of the experiment without divulging its 
purpose, explaining the operation of the apparatus, hav- 
ing the light on in the testing room during the explana- 
tion, demonstrating the method of shocking (the experi- 
menter applying the electrodes and shocking himself), 
offering the subject cigarettes, and generally attempting 
to create an atmosphere of congeniality. In this group 
electric shocks were self-administered by the subject, 
after a warning light was flashed. 

The groups were organized as follows: ‘“Formal” 
Group with morphine medication (15 mg.), 16 subjects; 
“Formal” Group with placebo medication (7.5 mg. thia- 
min hydrochloride?! dissolved in a volume of distilled 
water equal to that of the me-yhine solution used), six 
subjects; “Informal” Group with morphine medication, 
14 subjects; “Informal” Group with placebo medication, 
six subjects. 

Apparatus and procedure. In another study, which has 
been described in the preceding paper (10), an appara- 
tus was developed to deliver painful electrical stimuli 
to the fingers of one hand. The general features of this 
apparatus will be outlined below. In this study it was 
determined that verbal reports on the intensities of shock 
stimuli correlated best with wattage indices, rather than 
those of voltage or amperage. In other words, insofar as 
the physical aspects were concerned, the effectiveness of 
the stimulus in evoking a psychological response was de- 
termined by its power (wattage) characteristics. There- 
fore, the effective strengths of all stimuli in these ex- 
periments were controlled on the basis of wattage de- 
livered to the subjects.? 

For present purposes, the general procedure utilized 
for all subjects may be described as follows. The sub- 


1In the present studies, a solution of thiamin hydro- 
chloride was used instead of distilled water in order to in- 
sure a transient “sting” on subcutaneous injection which 
resembles that produced by morphine solutions. 

2 The term “power” as used in these experiments re- 
fers to calculations made on the basis of the equation 
P=I°R. As was shown previously (10), such values 
represent only “apparent” powers since a biological cir- 
cuit includes not only resistance but capacitance and 
possibly inductance. However, as has been pointed out 
(loc, cit.), for low values of resistance such ‘‘apparent” 
power corresponds quite closely to actual power de- 
livered. 
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ject washed his hands before being shown into the quiet, 
air-conditioned room. Both surfaces of the middle three 
fingers were cleaned with acetone and_ thoroughly 
scrubbed with a tooth-brush coated with electrode paste. 
(This technique greatly reduced inter-individual differ- 
ences in skin resistance.) The lateral surfaces of the 
fingers were wiped with acetone and the electrodes were 
applied, being fastened in place with a rubber band. By 
means of an alternating current Wheatstone bridge, a 
cathode ray oscilloscope, and other instruments, the ca- 
pacitance in the subject’s circuit was balanced out and 
his skin resistance obtained. Balancing the capacitance 
before obtaining the resistance was deemed necessary since 
it is known that the functioning of an organic circuit 
does not parallel that of a non-organic circuit. Be- 
cause of this fact, during the development of the ap- 
paratus and procedure, empirical charts were constructed 
that showed the relationship between changes in skin re- 
sistance and the voltage that would be required for any 
specific power. By reference to this chart the experi- 
menter could obtain at a glance the voltage necessary for 
any desired power at any skin resistance. In this manner 
a family of wattage curves was employed for pre-setting 
the stimulator at any desired step of the scale. The scale 
powers, nine in number, were approximately 0.15 watt, 
diverging in both directions from a standard of ap- 
proximately 1.65 watts. This standard power was a 
definitely painful stimulus when tested by the experi- 
menters upon themselves. Further information on the 
standards and scale, including errors of prediction, may 
be found in the preceding report (10). 

After a subject’s skin resistance had been obtained, 
six shocks of progressively increasing power were de- 
livered until the standard was reached, and this stimulus 
was repeated twice. To give the subject practice in com- 
paring stimuli, one complete series of nine shocks was 
administered in a predetermined random order at ap- 
proximately 45-second intervals.4 In accordance with in- 
structions, the subject responded to each shock by re- 
porting verbally whether it was stronger or weaker than 
the previously given standards. On completing this series 
the subject was given fom more standard stimuli pre- 
ceded by the following information: he was told to re- 
member the strength of the standards since, after a rest 
interval of one hour, his judgment would be required on 
several more series. The subject was then returned to 
the waiting room and medication was administered, if 
scheduled. 

After one hour the subject was returned to the experi- 
mental room, prepared in the same manner as before, and 
the skin resistance obtained. Six test series, which were 
the same as the practice series, were then administered ; 


3 For the great majority of subjects nine powers were 
sufficient to obtain a complete series. However, several 
individuals required an additional step at either end of 
the scale. 

4To lessen the influence of stimulus order on verbal 
reports, two predetermined random orders were em- 
ployed, each order being given to half of each group. 
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TABLE I 


Mor- 
. Control Mean | Sigma > 
Group yhine t p* 
mean diff. Md 
Entire Formal" 1.52 1.65 0.13 | 0.038 | 3.42 <1% 
Entire “‘ Informal" 1.58 1.63 0.05 | 0.038 | 1.32 > 20% 
Ist three series 1.53 1.68 0.18 | 0.042 | 3.87 <1% 
“Formal” 
Ist three series 1.64 1.67 0.03 | 0.034 | 0.88 | >30% 
“Informal” 
2nd three series VY 1.63 0.11 0.061 | 1.80 >5% 
“Formal” 
2nd three series 1.55 1.65 0.10 | 0.052 | 1.92 >S5% 
“Informal” 


* The P column indicates the percentage of such results 
that would be expected to occur by chance. The 5 per cent 
level or less is accepted as showing that a significant differ- 
ence was obtained. 


all series were consecutive except that a three-minute rest 
period was interpolated between the third and fourth. 
Prior to each of these test series the subject was told to 
judge each shock with respect to whether it was stronger 
or weaker than the previously given standards, and he 
was cautioned not to compare the shocks with each other. 

Treatment of data. Two distinct treatments were ap- 
plied to the data. The first was the simple method of 
totalling the “stronger” responses for each individual and 
calculating the significance of the difference between 
group means by use of the ¢ test (Edwards [11]). The 
second method involved comparisons of mean powers (the 
mean power levels that the subjects judged as being equal 
to the standards). Although the error between predicted 
power and delivered power was usually small, it ap- 
peared to be of sufficient magnitude to prohibit a direct 
transformation from the mean relative percentages of 
“stronger” judgments given by the Spearman Summa- 
tion Method to mean powers for each individual, since 
several equalization processes would have been neces- 
sary. A closer correspondence between the subject's 
report and the statistical statements seemed to be main- 
tained by the following method: (1) computing for all 
subjects the relative percentages of “stronger” judg- 
ments by the Spearman Summation Method (Wood- 
worth, [12]);5 (2) transforming the mean relative per- 
centages for each group into power indices and obtain- 
ing the “50 per cent points” (the point of subjective 
equality, t.¢., the power that was judged as being equal 
to the standard) ; (3) calculating the statistical signifi- 
cance of the differences between the means of the various 
conditions. For purposes of graphic presentation, the 
mean percentage of “stronger” judgments of each scale 
step was plotted against the mean power delivered and 


5 Although the Spearman Summation Method does 
not weight errors, it does afford a rather accurate means 
of converting “stronger” judgments into power when the 
scale steps are not entirely equivalent. When scale 
steps are equal the method advocated by Davis (13) 
would seem more appropriate. 


Comparison of group wattage means for the entire test ae 
and for separate halves of the test : 
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free-hand smoothing gave the usual psychophysical or 


ogive curve 

Early in the experiment it became evident that changes 
in a subject’s estimate of the intensities of stimuli oc- 
curred frequently as the experiment progressed. There- 
fore, ft tests of the differences between the 
“Formal” and “Informal” Groups, not only for the entire 
six series but also the first and second halves of the ex- 


were made 


periment separately. 


RESULTS 


Table I and Figure 1 
present the results obtained on control and mor- 


“Formal” conditions. 


phine days for the “Formal” Group (power cal- 
culations). It can be seen that the “50 per cent” 
point (that point on the curve which the subjects 
judged to be equal to the standard) for the control, 
or non-morphine days, is at a considerably lower 
power than that of the standard. This indicates 
much overestimation of the intensity of stimuli. 
The corresponding point on the curve for mor- 
phine days is at the standard power of 1.65 watts. 
This shows that no constant or mean error oc- 
curred and that the administration of analgesic 
doses of morphine under these conditions resulted 


in the elimination of overestimation. A ¢ value of 


100 


CONTROL 


90 
@ MORPHINE 


PER CENT “STRONGER® RESPONSE 


Fic. 1. 


H. 
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3.42 was obtained for the difference between the 
means of these two conditions; for 15 degrees of 
freedom this difference would be expected to oc- 
cur by chance once in somewhat more than 100 
It is quite evident, 
then, that morphine reduced the tendency to over- 


repetitions of the experiment. 


estimate intensities of painful stimuli under the 
testing conditions utilized for the “Formal” Group. 

Results obtained on the “Formal” Group which 
had placebo medication will not be presented 
graphically. The mean for control days was 1.56 
watts, and the mean for placebo days was 1.54 
watts, giving a non-significant t of 0.29 when com- 
pared by the difference method. As might have 
been predicted, both of these means approximated 
the mean for the control days of the ‘Formal’ 
Group which received morphine on medication 
These results show overestimation of the 


days. 
intensities of painful stimuli and no reduction fol- 


lowing the administration of the placebo.® 

6 The inefficacy of placebos in altering the overestima- 
tion of intensities of painful stimuli in the “Formal” 
Group may be related to the particular type of sub- 
jects used in these experiments; post-addicts are suffi- 
ciently experienced to recognize the nature of the medi- 
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Fic. 2. FREQUENCY OF THE RESPONSE “STRONGER” IN DELAYED COMPARISON OF ELECTRIC 
Snock STIMULI (“INFORMAL” Group, N = 14) 


For explanation, see text. 


“Informal” conditions. Table I and Figure 2 
show the results obtained on the “Informal” Group 
The “50 


per cent point” for control days is somewhat lower 


(control, and morphine medication). 


than the standard, and the corresponding point 
for morphine days is also slightly lower than the 
The dif- 
ference between the means of these two conditions 
is non-significant. The ¢ of 1.32 for 13 degrees of 
freedom indicates that this difference would be 
expected to occur by chance once in four repetitions 


standard, but approximates it closely. 


of the experiment. 

As before, the outcome on the placebo group for 
The 
mean for control days was 1.65 watts, and the 
mean for placebo days was 1.57 watts, giving a 
non-significant ¢ of 1.14 for the difference between 
them. It may be seen that the “50 per cent point” 
for control days under these informal conditions 
was at the standard, and that this point for placebo 
days was at a somewhat lower power level. 

Further analysis. In the section on treatment 


the informal conditions will not be illustrated. 


cation. It might be expected that in non-sophisticated 
subjects placebos might have different effects (Wolff and 
Goodell [14]), since suggestion is known to elevate pain 
perception thresholds, and to relieve clinical pain. 


of the data it was mentioned that separate statis- 
tical treatments had been given the first and sec- 
ond halves of the six test series. The present hy- 
pothesis would be strengthened considerably if a 
greater difference between control days of the 
“Formal” and “Informal” Groups were shown to 
exist for the first three series and if a regression 
toward more common judgments occurred toward 
the end of the experiment. This reasoning is 
based on the assumption that, as the experiment 
continued, the increasing familiarity of the “For- 
mal” Group with the shock and the general ex- 
perimental situation would tend to diminish their 
anxiety. On the other hand, repeated painful 
shock stimuli might be expected to develop some 
anxiety in the “Informal” Group. 

Table II presents the data on total “stronger” 
responses for the entire experiment and for the 
separate halves of the experiment. The first two 
comparisons, those between sums of “stronger” 
responses for the entire six series, show that mor- 
phine significantly reduced the total number of 
“stronger” judgments for both groups. After 
separating the data into first and second halves, 
it was found that morphine reduced significant!y 
the number of “stronger” judgments for the ‘For- 
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TABLE II 


Comparison of ‘‘stronger’’ responses for the entire test 
and for separate halves of the test 


| | | 
| ¢ ontrol Mor Sigma | 


phine 
mean 
mean 


Group Mean 


Entire “ Formal” 32.50 
Entire “Informal” 29.57 


26.94 

26.79 

Ist three series 16.50 13.13 
“Formal 

lst three series 
“Informal 

2nd three series 
“Formal 

2nd three series 
“Informal” 


13.78 13.21 


16.00 13.81 


15.79 13.71 


mal’ Group in the first three series (P <1), but 
had no such effect upon the “Informal” Group 
(P +40). The difference between the groups is 
at the 5 per cent level of confidence. These find- 
ings show that the experimental procedure was 
effective and that morphine exerted a significant 
reduction of overestimation in only the “Formal” 
Group. 

different 
halves of the experiment. 


occurred in the second 
Although morphine 


responses in 


outcome 
“stronger” 
both groups the reduction approached significance 
only in the “Informal” Croup. The difference in 
total “stronger” responses in the last three series 
on control days between the “Formal” and ‘“In- 
formal” Groups was not significant (P > 90). 
This shows a trend toward common judgments. 

Similar outcomes are shown to have occurred 


lowered the number of 


when calculated power means of the 
halves of the experiment are compared, (Table I). 


(In this connection, it should be remembered that 


separate 


an overestimation of stimuli is inferred when a 
lower power is estimated as being equal to the 
standard, cf. Figure 1.) As mentioned, the ad- 
ministration of morphine resulted in a significant 
Formal” 


reduction in the overestimation of the 
Group for the entire six series, but resulted in a 
slight, non-significant reduction in the estimation 
of the “Informal” Group. A much greater dif- 
ference in favor of our hypothesis is observed to 
occur when the mean powers (mean estimation in 
terms of watts) of only the first three series are 
Table I shows that the difference be- 
tween the control and morphine means of the 
“Formal” Group was significant at less than the 


compared. 


1 per cent level, and that the difference for the 
“Informal” non-significant, being 
greater than the 30 per cent level of chance oc- 


Group was 
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currence. This comparison shows again the very 
strong influence of the experimental procedure. 
In the comparisons of mean powers of the second 
halves of the experiment, the data indicate that the 
groups approached a more common basis of judg- 
ment. This is in agreement with calculation of 
total “stronger” responses during the same period. 


DISCUSSION 


Both methods of evaluating the data yielded 
unequivocal results. Computations based upon 
total “stronger” responses and those based upon 
mean powers were in close agreement. These 
data indicate that when the experiment was con- 
ducted under informal conditions, pain intensities 
were overestimated only slightly and morphine had 
no significant effect, if any, on discrimination. In 
contrast, marked overestimations of pain inten- 
sities occurred under formal control conditions 
and morphine practically abolished this error. In 
effect, therefore, morphine enabled the “anxious” 
groups to estimate the intensities of painful stimuli 
as well as the group in which anxiety had been 
dissipated. That this effect was due to a specific 
action of morphine is indicated by the fact that 
administration of placebos had no significant effect 
upon the estimation of painful stimuli in either 
group. 

From these results it may be inferred that ordi- 
nary formal experimental conditions tend to pro- 
duce anxiety which promotes overestimation of 
the intensities of painful stimuli. The effects of 
morphine, as shown in these experiments, there- 
fore, can be interpreted as due to a reduction of 
anxiety. 

Furthermore, it has been shown that morphine 
tends to relieve anxiety which is produced by two 
different types of experimental situations. Con- 
sidering the results for the first half of the test for 
the “Formal” Group, it was shown that anticipa- 
tory reactions to the unknown aspects of the ex- 
perimental situation resulted in significant over- 
estimation of pain intensities and that morphine 
significantly reduced this overestimation. It may 
be inferred that in this group anxiety lacked a 
clear and definite object. However, it was shown 
also that overestimation was induced in the “In- 
formal” Group during the second half of the 
test, and that administration of morphine re- 
sulted in a reduction of this error, which was close 
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to being significant. The overestimation of this 
group seemed to be due to previously applied 
shock. Both of these types of anxiety, namely, 
with and without a definite object, were relieved 
by morphine. 

However, there is evidence that not all types 
of anxiety are reduced by morphine. For ex- 
ample, in subjects who exhibited suspicion and 
hostility toward the experimenters, morphine had 
little effect on the overestimation of intensities of 
painful stimuli. Therefore, it would appear that 
although morphine reduces anticipatory fear of 
pain, it may not act as a general anxiety relieving 
agent. This inference is supported by data ob- 
tained from a psychodynamic study of an addicted 
patient by Wikler (15) which indicate that 
morphine reduces such anxiety as is related to 
inadequate gratification of so-called “primary” 
needs, such as hunger, fear of pain and sexual 
(general erotic) urges, while the drug has little 
effect on such anxiety as is related to inadequate 
gratification of “secondary” needs, such as narcis- 
sism, dependence, etc. 

That “emotional factors” may influence pain 
threshold measurements and the effects of drugs 
thereon has been suggested and demonstrated 
by several investigators; this aspect has been dis- 
cussed in the review by Wikler (1). Judging from 
our present studies, it appears that anticipatory 
fear of pain is one such important variable which 
must be controlled in investigations of this sort. 
Failure to do so may account, in part, for the wide 
discrepancies which have been reported by differ- 
ent observers in such investigations. 

Because of its considerable theoretical impor- 
tance in relation to the problem of pain, a more 
direct method for quantitative measurement of the 
effects of anticipatory fear of pain has been de- 
vised. This will be described in detail in another 
communication (16). 


SUMMARY AND CONCLUSIONS 


1. The effects of subcutaneous injections of 15 
mg. of morphine on the ability of subjects (post- 
addicts) to judge the intensity of painful electric 
shock stimuli were studied under two conditions: 
(a) under formal conditions, proceeding with the 
experiment without familiarizing the subjects with 
the potentially fear-inspiring experimental situa- 
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tion; (b) under informal conditions, preceding 
the experiment with reassurance, demonstration 
and explanation designed to allay the subject’s 
anxiety. In both groups six consecutive series of 
nine stimuli were delivered in each experiment, 
and the subjects were required to state whether 


each stimulus was “stronger” or weaker than a 
standard stimulus. 
was controlled on the basis of the power (wattage ) 
value delivered to the subject. 

2. During the first three series under formal 


control conditions, a significantly greater number 


The strength of each stimulus 


of test stimuli were judged “stronger” in compari- 
son with the standard stimuli than were actually 
delivered, and the power (wattage) values of the 
test stimuli at the points of subjective equality 
(50 per cent point) were lower than those of the 
standard stimuli. These errors were reduced 
significantly by administration of morphine, but 
were not altered by placebos. 

Under informal control conditions, verbally re- 
ported judgments of test stimuli were extremely 
accurate and power values of the test stimuli at 
the points of subjective equality were practically 
identical with those of the standards. Neither 
morphine nor placebos had any significant effect 
on the estimation of the intensities of painful 
stimuli. 

3. Under control conditions during the last 
three series the accuracy of estimation of the in- 
tensities of painful stimuli remained practically 
unchanged in the “Formal” Group but deteriorated 
in the “Informal” Group. In both groups mor- 
phine tended to reduce the magnitude of error, 
while placebos had no apparent effect. 

4. It is concluded that (a) under conditions 
which promote anxiety or fear of pain, subjects 
tend to overestimate the intensities of painful stim- 
uli; (b) morphine reduces such anxiety; (c) un- 
der conditions in which anxiety is largely elimi- 
nated, little if any overestimation of the intensi- 
ties of painful stimuli occurs; (d) morphine does 
not affect the ability of subjects to accurately esti- 
mate the intensities of painful stimuli when anxiety 
is dissipated; and (e) anxiety, particularly that 
which is associated with anticipation of pain, is 
one important variable which must be controlled 
in experimental investigations of problems related 
to pain and analgesia. 
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HORMONE EXCRETION IN LIVER DISEASE! 
By F. C. DOHAN, E. M. RICHARDSON, L. W. BLUEMLE, JR., ano 
P. GYORGY 
(From the Department of Medicine and The Nutritional Laboratory of the Department of 
Pediatrics of the Medical School of the University of Pennsylvania, Philadelphia, 


and The Army Hepatic and Metabolic Center of the Valley Forge Army 


Gynecomastia, cutaneous spider nevi, testicular 
atrophy, and loss of libido are frequently found 
in men with chronic liver disease. The clinical 
aspects of the subject have recently been reviewed 
(1). On the basis of studies of urinary estrogen 
excretion (2), these changes have been attributed 
to increased levels of estrogens, particularly un- 
conjugated estrogens presumably resulting from 
decreased conjugation in the diseased liver. This 
presumption is based on abundant evidence indi- 
cating that the liver of certain laboratory ani- 
mals may “inactivate” estrogens (3), and that 


Hospital, Phoenixville, Pa.) 
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Figure 1 shows in diagrammatic fashion some 
of the factors usually considered in the produc- 
tion and metabolism of estrogens in man. Several 
authors (3, 8-10) have recently reviewed the me- 
tabolism of estrogens, therefore the large amount 
of data supporting this scheme need not be cited 
here. The importance of the liver in the metab- 
olism of estrogens is apparent. It will be noted 
that, if production is constant, the estrogen level 
of the blood may presumably be modified through : 
(a) excretion of the material in the urine and bile 
(and through the intestinal wall?) some being 


EXCRETION OESTRUCTION 


URINE 
2-14% 


BILE INTESTINE? 
FECES 


LIVER 
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EstroGEN METABOLISM 


“INACTIVATION” 


LIVER TISSUES ? 


CONJUGATION ESTRIOL 


TISSUES ? 


This figure outlines some of the factors that have been given consideration 


the subcutaneously injected conjugated estrogens 
are less “potent” than the free forms (4). How- 
ever, more recent evidence indicates the role of 
the human liver in estrogen inactivation is less 
impressive (5) and that the relative inactivity of 
conjugated estrogens is not apparent when tested 
at the target tissue level (6, 7). 


1 This investigation was conducted under the auspices 
of the Commission on Liver Disease, Armed Forces Epi- 
demiological Board, and supported in part by the Office 
of The Surgeon General, Department of the Army, 
Washington, D. C. 


in discussions of the metabolism of estrogens. 
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lost in the feces despite an enterohepatic circu- 
lation, (b) destruction of the estrogen molecule, 
and (c) production of conjugated estrogens and 
of estriol, forms that are usually considered “less 
potent.” 

With these concepts in mind, we have analyzed 
the urinary excretion of the unconjugated and 
conjugated forms of the “estradiol,” “estrone,” 
and “estriol” fractions as well as gonadotrophins 
and neutral 17-ketosteroids for one or more pe- 
riods in five normal men and 17 men with dif- 
fuse hepatic disease. The results are presented in 
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relation to: (a) the severity of the liver disease, 
(b) the standard liver function tests, (c) the ef- 
fect of liver disease on estrogen metabolism, (d) 
the inter-relationships of urinary hormone excre- 
tion, and (¢) the presence or absence of gyneco- 
spider nevi, palmar erythema, 
In addi- 


mastia, cutaneous 
testicular atrophy, and loss of libido. 
tion, data concerning the urinary excretion of un- 
conjugated neutral 17-ketosteroids, the ketonic 
and non-ketonic steroid fractions, and the urinary 


corticeids are briefly presented. 


MATERIALS AND METHODS 


Clinical material. Of the special group of 17 patients 
with diffuse liver disease whose urine was subjected to 
estrogen fractionation studies, 15 were studied in the 
Hepatic and Metabolic Section at the Valley Forge Army 
Hospital and two were studied on the Medical Wards 
of the Hospital of the University of Pennsylvania. Re- 
sults reported under miscellancous observations were, in 
part, obtained on patients other than those in this special 
These patients were also studied at these two 

Special aspects of methods concerning them 
In most instances, patients 


group 
hospitals 
will be mentioned in the text 
were selected for this study because of the severity of the 
the 
atrophy or spider nevi 


presence of gynecomastia, testicular 


The five controls were healthy 


symptoms or 


men without known liver disease. 

Chronic hepatitis was diagnosed in four of the sub- 
jects, subsiding acute hepatitis in one, “portal cirrhosis” 
The term 
in this paper, indicates that the 


in 1], and one had severe hemochromatosis 
chronic hepatitis, as used 
patient had a history compatible with that of acute viral 
or incomplete recovery six 
The term “portal 
cirrhosis” is used to indicate a diffuse hepatic fibrosis in 


hepatitis, with “recurrence” 
months or more after the acute episode 


men usually associated with a history of alcoholism, but 

without a history suggestive of acute viral hepatitis. 
Frequent clinical observations and tests of liver func- 

The 


severity of the liver disease was then classified as 0 to 4 


tion and a needle biopsy of the liver were obtained. 


This classification was made by a nu- 
merical evaluation of: (a) severity of symptoms and 
physical findings, (/) results of liver function tests, and 


plus in each case 


(c) histologic appearance of liver biopsies. 

The liver function tests were done by standard technics 
and those used for the above classification included total 
serum bilirubin, thymol turbidity, 24 hour cephalin cho- 
lesterol flocculation, prothrombin activity, percentage of 
cholesterol in the esterified form, serum albumin and the 
measurement of bromsulphalein retention if the serum 
bilirubin 13 100 ml. These values 
were scored 0 to 4 plus and averaged as were the histo- 
logic and clinical criteria of liver disease. The final 
estimate of the severity of the disease was then based 
the the three 


was less than meg 


on an average of estimate in each of 


categories 
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The grade of gynecomastia was estimated as 1 to 4 
plus on the basis of unilateral or bilateral involvement, 
the size of the firm “button” of tissue beneath the areola, 
and the presence or absence of tenderness. 

Cutaneous spider nevi have been classified as 1 to 4 plus 
according to number, size, presence or absence of pulsa- 
Nevi located about the neck and 
face were not considered as significant as those located 


tions, and location. 


about the trunk and extremities, since small spider nevi 
are frequently found in the former sites in “normal” 
individuals. 

Scrotal contents of all patients were palpated to deter- 
mine testicular size and consistency. Measurements of 
length and width were obtained with the surrounding 
scrotal wall thinned maximally without distortion of 
testicular dimensions. Testicular atrophy was considered 
present when overall length measured less than 4.5 cm. 
and overall width less than 3 cm. The three patients 
classified as having marked atrophy had soft testes con- 
siderably smaller than the lower limits of normal. 

Hormone assays. Urine collections were made under 
the supervision of trained personnel. In a few instances, 
the periods of collection were three days; all others were 
six to 22 days. This quantity of material permits con- 
siderably more accurate bioassays than a single 24 hour 
collection and, in addition, provides a more representative 
All was preserved with toluene and 
prompt refrigeration. The few daily urine collections 
with pH of 7 or greater were acidified to pH 6 to 6.5 
shortly after the 24 hour collection was completed. Ex- 
tractions were completed within 48 hours of the last 
day of the period. Aliquots were taken from the daily 
urine specimens so that a representative sample was ob- 
tained for gonadotrophins and 17-ketosteroids. Daily 
creatinine determinations were made as a check on the 
accuracy of the urine collections in 17 of the total of 26 
periods. The term “hormone” in this presentation, follow- 
ing conventional usage, includes hormone metabolites. 

Estrogens. The unconjugated (free) estrogens were 
extracted for 48 hours at pH 67 using the continuous 
ether extraction method of Wilson, Grauer, and Saier (11). 
After hydrolysis for one hour at 95° C. with 5%, by 
volume, of sulfuric acid, the conjugated 
form of the estrogens was similarly extracted. These 
two extracts were then separated into the “estrone,” 
“estradiol,” and “estriol” fractions by the method of 
Friedgood, Garst, and Haagen-Smit (12). This pro- 
cedure was modified to include the Mather (13) technic 
of adjusting the pH of aqueous solutions of estrogen to 
pH 9 before extractions with ether. Thus, six fractions 
were obtained; representing the free and the conjugated 
forms of the “estrone,” “ and “estriol” fractions. 

Bio-assays of the estrogen fractions were performed 
in estrone primed, pure strain, castrate female white mice 
(CFW 1). Estrone and estradiol fractions were given 
each morning, and the estriol fraction twice daily, sub- 
cutaneously in corn oil for three days. Vaginal smears 
were made at 72 and 96 hours after the first injection and 
were stained with methylene blue. After preliminary as- 
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say of each unknown employing six or more mice, a 
“final” 2-point assay was made using from four to 40 
mice (mean= 13). The number used depended upon the 
amount of “estrogen” available in the “unknown” as in- 
dicated by the preliminary assay. The bio-assay of each 
group of unknowns of the same fraction was always ac- 
companied by a two-dose level control assay (40 mice) of 
the appropriate standard estrogen, 1.¢., crystalline estrone, 
estradiol, or estriol. The quality control test of Simon 
(14) allowed us to infer that the results of these control 
assays with any single crystalline estrogen were homo- 
geneous because the subsample values fell satisfactorily 
within the 0.01 control lines. In addition, the responses 
for estrone were fitted to a binomial curve and again the 
discrepancies between the theoretical and observed dis- 
tributions were attributable to chance variation (P= 
0.18 for the low dose, P = 0.75 for the high dose). Since 
there was no statistically valid demonstration of signifi- 
cant variation in the sensitivity of the mice, the results 
of all controls were pooled. This lack of variation in 
sensitivity of the mice is not in agreement with the ex- 
perience of Emmens (15) and may be due to differences 
in technical details. The results of the assays of the 
unknowns have been compared with the pooled results 
of the standard. The relatively small estimated error 
of the standard is reflected in the estimated error (limits 
of confidence) of the unknowns. The potency estimates 
and the limits of confidence in 39% of the 156 assays 
were calculated by the probit method of 
Emmens (16). In these instances, sufficient estrogen 
was usually present in the urine so that a two-dose level 
assay, using 10 to 20 mice per point, could be performed. 
The mean of the dose response slope (b) of the urine ex- 
tracts was approximately 5.7. That of the crystalline 
standards was 6.7. Parallelism of the dose response 
lines of the unknown to the standard was assumed in 
those few instances where statistical evidence indicated 
more than one chance in 20 that this was not so. The 
limits of confidence of all assays have been calculated at 
the 95% confidence level. For those assays in which 
probit analysis was not employed, the limits of confi- 
dence were calculated from Mainland'’s Table of Confi- 
dence Limits for Enumeration Data (17). 

“Estrone Equivalent” is the term used to indicate es- 
trogenic effect expressed as the amount of crystalline es- 
trone required to produce a similar effect under similar 
conditions. We have calculated it as the sum of the 
median values (or the potency estimates of the probit 
analysis data) for each of the estrogen fractions ex- 
pressed in terms of the amount of estrone with equiva- 
lent estrogenic activity. This is obtained from the re- 
lationship of the ED» of estradiol (0.043 ug.) and estriol 
(0.289 ug.) to estrone (0.142 ug.). The EDw is that 
amount of each of the crystalline estrogens necessary to 
produce full cornification of the vaginal smear in 50% of 
the mice used in the control assays. The term total es- 
trogens indicates the sum of the estrone equivalents of 
the free and conjugated forms of all three fractions. 
Critique of method for determination of estrogens. 


analysis 
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Since the separation and determination of the estrogen 
fractions is a difficult task about which there is con- 
siderable difference of opinion, we have extracted and 
analyzed one 22 day collection of urine (patient No. 1) 
in duplicate. Each daily specimen was divided into 
halves (A and B) and aliquots taken from each in the 
usual fashion for gonadotrophins and 17-ketosteroids. 
The estrogen content calculated from the median values of 
the confidence limits for each fraction (or the potency 
estimates in the case of probit analysis) is given below. 


ug. per 24 hours 


! 
Specimen Estrone | Estradiol | Estriol 


| 
Conj.| Free | Conj | Free | Conj. | Free 

0.51 | 0.36 10.18 | 0.06 | 1.80 | 0.40 
B Lost | 0.29 |0.17 | 0.08 | 1.76 | 0.50 
Average |} 0.325|0.175| 0.07 {1.78 | 0.45 
Deviation from aver. | 0.035 |0.005| 0.01 |0.02 | 0.05 
% deviation from aver. 2.9% | 14.3% | 1.1% | VLG 


In addition, 4,500 ml. of urine, representing that ex- 
creted during 115 hours by normal control 1V, were ex- 
tracted twice and 30 ug. of estrone were added. One-half 
of this twice-extracted urine was subjected to hydrolysis 
and the entire fractionation procedure; the other half was 
simply rehydrolyzed and extracted with ether and a bio- 
assay performed. By this latter procedure, estrogenic 
activity equivalent to 72% of that of the added estrone 
was found. The bio-assay of the “estrone,” “estradiol,” 
and “estriol” fractions estrogenic activity of 
approximately 41%, 13%, and 10%, respectively, of that 
of the added estrone. This indicates incomplete separa- 
tion of the small amount of estrone added to the urine. 
Further evidence that our extraction procedure extracts 
approximately 60-70% of the small amount of extract- 
able estrogen present in male urine is afforded by the 
fact that the second extraction of the original urine (be- 
fore addition of estrone) yielded additional estrogenic 
material. That extracted on the first extraction repre- 
sented 66% of the total of the two. 

It is concluded from these studies that reasonable 
agreement was obtained in the duplicate analyses and 
that recovery and fractionation is adequate to demon- 
strate major quantitative and qualitative variations. The 
relatively small calculated error of the duplicates is due, 
in part, to the use of the pooled values for the controls 
with its considerably smaller error than that of a single 
control assay. 

Urinary gonadotrophin excretion. Urinary gonado- 
trophins were precipitated by alcohol and extracted by a 
modification of the dialysis method of Klinefeiter, Al- 
bright, and Griswold (18). The bio-assays were per- 
formed by measuring the increase in uterine weight of 
8 to 10 gm. pure strain immature female mice. After 
preliminary assays, four mice per dose level were used for 
final assay. One mouse unit of “gonadotrophin” is con- 
sidered to be present if the mean uterine weight of the 
injected mice is increased 100% above the mean uterine 
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TABLE I 


Summary: hormone excretion in men with liver disease 
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In general, these patients were selected for study because of the presence of gynecomastia, testicular atrophy, 


or spider nevi. 
acute hepatitis; and one, hemochromatosis. 
disease (see Methods) 


collections, the severity of the liver disease changed. 


** Scrotal edema 
weight of the control mice. With but few exceptions, no 
the 
or greater than 200% 


which in uterine 


or 


assays are reported in 


increase 
weight was less than above 
the 


then 


control Results within these narrow limits were 


curve 
which had been calculated from a 5-point assay using 12 


calculated from a standard dose response 


Three were studied during more than one period. 


Eleven patients were considered to have portal cirrhosis; four, chronic hepatitis; one, subsiding 
Patients have been grouped according to the severity of the liver 


During the interval between urine 


The sequence of the studies is indicated by the letters. 
Arrows pointing upward indicate increased severity, and those pointing downward indicate decreased severity. 


Estrogens are expressed in terms of estrone equivalent. 


mice per point injected with an extract of menopausal 
urine. 

Critique of gonadotrophin method. An estimate of the 
this method was obtained from 20 
duplicate assays. Fifteen were performed at the same 
time and in five instances, the precipitate was saved and 


reproducibility of 
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re-assayed six months later. The average deviation from 
the mean of the duplicates was 7% and the greatest devia- 
tion was 14%. In addition, a duplicate precipitation, ex- 
traction and assay were done on the collection from pa- 
tient No. 1. The duplicates in this case varied 5% from 
their mean. It is concluded that the assay method as 
outlined is fairly accurate and consistent. 

The total neutral 17-ketosteroids were determined by a 
modification of the Holtorff-Koch method (19) on an ali- 
quot of the total collection or on an aliquot of each of 
three or more 24 hour urine specimens, and the results 
were averaged. Extractions were done with carbon-tetra- 
chloride. Corticoids were extracted and determined as 
neutral lipid-soluble reducing substances by a modifica- 
tion of the method of Heard, Sobel, and Venning (20). 
Total ether extractable ketonic and non-ketonic steroids 
were determined by weighing these fractions after the 
Girard separation. The free (pre-hydrolysis) 17-keto- 
steroids were determined on the neutral fraction of the 
ether extract. 

Statistical methods. Calculation of estrogen assays is 
indicated above. The analysis of the statistical signifi- 
cance of the difference of means was done by the pooled 
variance method described by Snedecor (21). Calcula- 


IN LIVER DISEASE 485 
tions of the regression coefficients and their significance 
also followed the The term 
significant indicates that there is less than one chance in 20 
(P< 0.05) that the regression or difference of means is 
Highly significant indicates less 


methods of this author. 


due to chance variation. 
than one chance in 100. 


RESULTS 
Hormone excretion and severity of liver disease 


Table I lists certain clinical data and the values 
for the urinary excretion of the free (unconju- 
gated) and total (free plus conjugated) estrogens, 
17-ketosteroids, and gonadotrophins. Patients 
have been grouped into four grades according to 
the severity of the liver disease as judged by the 
numerical system detailed in Methods. 

In 17 of the 21 periods (14 men) the 17- 
ketosteroid excretion was lower than the lowest 
normal value, while in six periods (six men) the 
free form of estrogen, and in 14 periods (11 men) 


10 (12.3) 


ESTRONE EQUIVALENT yg/24HR. 
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3 


SERUM BILIRUBIN Wg/100 mi 


Fic. 2. 


THE RELATIONSHIP OF THE URINARY EXCRETION OF ToTAL EstTrRO- 


GENS TO ToTaL SERUM BILIRUBIN 


The regression coefficient (b= 1.71 with a standard error of 0.50) and 
the correlation coefficient (r = 0.65 with a standard error of 0.19) have been 
calculated from the values for patients with liver disease, indicated by ©@. 
Values for estrogen excretion in men without liver disease are indicated by 
symbol x. Average normal serum bilirubin values are assumed for the con- 
trol group. This relationship of estrogen excretion and total serum bilirubin 
is apparently limited to patients without severe jaundice (see text). 
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Fic. 3. 


THE RELATIONSHIP OF THE URINARY EXCRETION OF TOTAL 


ESTROGENS TO 


3ROMSULPHALEIN RETENTION 


The regression coefficient (b = 0.07 with a standard error of 0.02) and the correla- 


tior coefficient (r 


= 0.70 with a standard error of 0.21) have been calculated from the 


values for patients with liver disease, indicated by @. Values for total estrogen ex- 
cretion in men without liver disease, indicated by x, are plotted along the vertical 


axis for comparison. 


performed because of a history of hepatitis four years before. 


the total estrogen excretion was higher than the 
highest normal value. ‘The patients with the most 
severe liver disease (grade IV) show the great- 
est excretion of free and total estrogens and the 
values for 17-ketosteroid gonado- 
Examination of the data shows that the 


lowest 
trophins. 
increase in age of this group does not, in itself, 
account for the decreased 17-ketosteroids nor the 
elevated estrogens. 

Estrogen excretion and liver function tests 

All liver function tests were performed during 
the period of urine collection. Figures 2 and 3 
show the highly significant correlation of urinary 
total estrogen excretion with the total serum bili- 
rubin and bromsulphalein retention. This rela- 
tionship is apparently valid only for lesser degrees 
of jaundice. Two observations were made in one 
patient (No. 10) one and five weeks after recover- 
ing from hepatic coma. During these periods, he 


had total serum bilirubin values of 34 and 11 


In one of the normal men, a bromsulphalein retention test was 


This value was 4%. 


mg./100 mil., and his total estrogen excretion was 
2.6 and 4.7 pg./24 hr. Three months later his 
serum bilirubin was 1.3 mg./100 ml., and the 
total estrogen excretion was 5.4 pg./24 hr. It is 
obvious that the regression demonstrated with 
mild elevations of serum bilirubin was not evi- 
dent in this patient with severe jaundice. Fur- 
thermore, in a man with obstructive jaundice from 
carcinoma of the head of the pancreas, who is not 
included in this series, the total estrogen values 
were within normal limits when the total serum 
bilirubin was 20 mg./100 ml. Both men were 
critically ill. The excretion of the free form of 
estrogens in the urine did not show a significant 
correlation with the serum bilirubin or brom- 
sulphalein retention. 

The relationship of total estrogen excretion 
to the cephalin-cholesterol flocculation, Kunkel 
gamma globulin, serum globulin, serum albumin, 
and thymol turbidity tests was also examined. 
No statistically significant relationship was found. 
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URINARY EXCRETION OF FREE AND CONJUGATED “ESTRONE” IN NorMAL MEN 
AND MEN WITH Liver DISEASE 


I'tc. 4a. 


Patients have been classified on the basis of a numerical evaluation of clinical, 
laboratory, and liver biopsy data. Grade IV indicates the most severe degree of liver 
disease. Results are arranged within each grade in order of increasing age of the 
patient. The sequence of repeated tests in patients No. 2, 8, and 10 is indicated by 
the letters a, b, and c. The extremes of the lines | | and x—-———-x repre- 
sent the 95% confidence limits of the bioassays. The additional crossbar |——-!——| 
and x x represents the estimate of the potency by probit analysis (see 
Methods). 


These findings, in association with the results 
presented in Table I, lead to the conclusion that with the other tests employed or 
within a limited range the increased estrogen ex- severity of the disease as judged by 
cretion is more closely associated with evidence of | criteria used in this study. 
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Fic. 4b. Urrnary EXCRETION OF FREE AND CONJUGATED “ESTRADIOL” IN NORMAL 
MEN AND MEN WITH Liver DISEASE 


See Figure 4a for legend. 
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Fic. 4c. Urtnary Excretion oF FREE AND CONJUGATED “Estrio.” In NoRMAL MEN 
AND MEN wITH Liver DISEASE 


See Figure 4a for legend 
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Fic. $. Tre ReLationsuip oF Urtnary EstroGen Excretion To THE Urinary Ex- 
CRETION OF GONADOTROPHINS 

The numbers indicate the patient and period number (see Table I). Normal con- 
trols are indicated by Roman numerals. The crossed lines indicate the mean estrogen 
and gonadotrophin values for the group. It is evident that gonadotrophin values more 
than slightly above the average are associated with estrogen values less than average 
for the group. 

The error of the slope of the calculated regression line (not shown) is such that 
P is slightly greater than 0.05. Patient No. 14 had hemochromatosis. If this value is 
omitted because of clinical variation from the rest of the series, a “significant” regres- 
sion is obtained. 
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Estrogen metabolism and liver disease 


Figure 4 a, b, and c shows the excretion of the 
various estrogen fractions in normal men and 
men with liver disease. The conjugated form of 
one of the three fractions showed no overlap of 
confidence limits with the highest normal value in 
20 instances. The conjugated form of “estrone” 
was increased as judged by this standard in five 
periods, “estriol” in 11, and “estradiol” in only 
four periods. The unconjugated form of “es- 
trone,” “estriol,” and “estradiol” was increased 
in two, four, and two periods, respectively, a 
total of eight instances. In three instances, the 
unconjugated form of a particular fraction was 
increased without significant increase in the con- 
jugated form. In five instances, there was a 
considerably greater increase in the conjugated 
form of the same fraction. Increase in the free 
form of one fraction was not necessarily asso- 
ciated with an increase in the free form of the 
other fractions. It is concluded from the above 
that increase in excretion of the conjugated form 
is, in general, more frequent and greater than 
that of the unconjugated form. Increases occur 
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in all three fractions, but in the greatest number 
of patients and most markedly in both the free 
and conjugated forms of the estriol fraction. 


Inter-relationships of urinary hormone 
excretion 


Figures 5, 6, and 7 show the inter-relationships 
of urinary hormone excretion values. Figure 5 
shows that in those periods exhibiting urinary 
gonadotrophin excretion greater than the group 
average, there were only two with estrogen ex- 
cretion greater than average and nine with less 
than average estrogen excretion. Thus, high 
estrogen excretion was associated with gonado- 
trophin values less than, or only slightly above the 
average. The free estrogen excretion showed a 
similar relationship to gonadotrophin excretion 
(not charted). 

Figure 6 shows that only one of the eight keto- 
steroid values above the average for the group 
was with values 
greater than average. In other words, if the 17- 
ketosteroid excretion the 
estrogen excretion tended to be below average. 


associated estrogen excretion 


was above average, 


ESTRONE EQUIVALENT yg/24 brs. 


The numbers indicate the patient and period number (see Table I). 
The crossed lines indicate the mean estrogen 

Rank correlation analysis indicated a cor- 
relation that was not significant at the P = 0.05 level but was at the P = 0.1 level. 


trols are indicated by Roman numerals. 
and 17-ketosteroid values for the group. 
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Fic. 6. THE RELATIONSHIP OF URINARY ESTROGENS AND 17-KETOSTEROIDS 


Mg./24 hrs. 


Normal con- 


ois 
e3 
12 : 
7 
10 
8 
@20 
a 
on 
" 
@10b 
4 ol = 
es 
14 om 
e 
oy 
| 
° 2 4 6 8 10 12 14 16 18 pon 


490 F. C. DOHAN, E. M. RICHARDSON, 


Figure 7 shows that as the 17-ketosteroid values 
tended to be approximately average or above, the 
gonadotrophin values were also approximately 
average or above. The relationship of these two 
excretion values to each other is not as definite 
as their relationship to estrogen excretion. 


The relationship of urinary hormone excretion to 
gynecomastia, cutaneous spider nevi, palmar 
erythema, testicular atrophy, and 
loss of libido 


Figure 8 shows that the total 
estrogen excretion in the four men with stable or 
advancing gynecomastia was significantly greater 
than that for men with liver disease but without 


Gynecomastia. 


gynecomastia, the four men with regressing gyne- 
The four 
men with gynecomastia which disappeared within 


comastia, and the normal controls. 


four months had a mean total estrogen excretion 
approximately the same as patients without gyne- 
comastia. The increase in total estrogens in the 
men with stable or advancing gynecomastia was 
due to significant increases in the conjugated 
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form of all three fractions. The unconjugated 
form was not significantly increased above that 
of patients with regressing gynecomastia, or none 
at all. 

The mean and S.E. of the mean for the neutral 
17-ketosteroid excretion was 5.9 + 1.0 mg./24 hr. 
in patients with stable or advancing gynecomastia ; 
7.6 +18 mg./24 hr. in patients with regressing 
gynecomastia; and 10.2 + 1.3 mg./24 hr. in pa- 
tients without gynecomastia. This relationship is 
reflected in the estrogen/17-ketosteroid ratio 


also shown in Figure 8. The average gonado- 
trophic hormone excretion (not charted) was 
significantly reduced in the eight patients with 


gynecomastia to 11 m.u./24 hr. compared to 22 
m.u./24 hr. for the controls and 28 m.u./24 hr. 
for the patients without gynecomastia. 

Cutaneous spider nevi. No significant relation- 
ship was found between the urinary excretion 
of total estrogens, free estrogens, 17-ketosteroids, 
or gonadotrophins and the presence of cutaneous 
spider nevi. The only significant increase is that 
of the free form of the estriol fraction in the 10 
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The numbers indicate the patient and period number (see Table I). 
The crossed lines indicate the mean 17- 
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ketosteroid and gonadotrophin values for the group. Rank correlation analysis indi- 
cated a correlation that was not significant at the P = 0.05 level but was at the P= 


0.1 level. 
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Fic. 8. THe RELATIONSHIP OF THE URINARY EXCRETION OF TOTAL ESTROGENS AND 
TUE EstrRoGEN/17-KETosTeROID RATIO TO GYNECOMASTIA IN MEN WITH LIVER 
DISEASE 

The first column in each section indicates the values in normal men, the second 
column that of men with liver disease without gynecomastia, and the third column men 
with liver disease and gynecomastia. In the third column, the symbol x indicates in- 
dividuals with stable or advancing gynecomastia, and @ in the same column indicates 
patients with gynecomastia which disappeared within four months. Patient No. 2 
with most marked gynecomastia, excreted 7.6 ug. of estrone equivalent per 24 hr. dur- 
ing period “a.” Striking improvement occurred during aureomycin therapy. Six 
months later, the gynecomastia had disappeared. Urine excretion value at this time 
(period “b”) was 4.6 ug./24 hr. and is included in the group with no gynecomastia. 
In the two other cases with multiple observations, the average values were used since 
there was no change in classification. In the three other patients with “stable or 
advancing gynecomastia” one patient (No. 3) continued to have three plus gynecomastia 
for at least seven months, another (No. 8) showed increasing gynecomastia between 


GYNEC. GYNEC. 


his two periods of urine collection. 
the observation was made. 


patients with stable (or advancing) ‘skin spiders” 
when compared to that of the four patients with- 
out them or to the five normal controls as shown 
in Figure 9. The differences in the total free 
form and in the other fractions are not significant. 
Patient No. 7 had the most “skin spiders” and 


many of these showed arterial pulsations. This 
patient exhibited the highest excretion of the 
free form of all three fractions. 

Palmar erythema. The three patients with 
palmar erythema did not exhibit significant varia- 
tion in free or total estrogens, the estrogen frac- 
tions or 17-ketosteroid excretion from patients 
without this symptom. The gonadotrophin value 
in the one patient tested was normal. 


The third patient (No. 15) died four weeks after 


Testicular atrophy and loss of libido. Figure 
10 shows the relationship of the urinary hormone 
excretion to the presence of definite testicular 
atrophy (with loss of libido) and loss of libido 
(without detected testicular atrophy). A highly 
significant deviation from the normal values for 
gonadotrophin, 17-ketosteroids and estrogens is 
apparent for those men with loss of libido or tes- 
ticular atrophy. A highly significant reduction in 
the gonadotrophic hormone excretion, and a de- 
crease in total neutral 17-ketosteroid excretion 
of borderline significance, are found when this 
group is compared to patients without these 
symptoms. No significant differences between 
these two groups are found for total estrogens or 
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ESTRONE ESTRADIOL ESTRIOL TOTAL FREE ESTROGENS 
(AS ESTRONE EQUIVALENT) 
NORMAL 


NO SPIDERS 
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Fic. 9. CuTANEous Sprper Nevi AND UNCONJUGATED ESTROGEN FRACTIONS 
The free “estriol” fraction was significantly greater in men with stable (or advancing) 
“skin spiders” than in normal individuals and patients without them. Three patients 
(values not charted) in whom “skin spiders” were present, but regressing, had approxi- 
mately the same urinary excretion of free “estriol” as the patients without these lesions 


the free and conjugated forms of the “estrone,” average age of 33.3 years (range 22 to 46) in 
“estradiol,” and “estriol” fractions (not shown — those without testicular atrophy or loss of libido; 
in Figure 10). That age may be an important while those with one or both of these symptoms 
factor in these relationships is indicated by the had an average age of 47.7 years ranging from 
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Fic. 10. Hormone Excretion ANp TesticuLak ATRopHY AND Loss OF 
Lipipo 

In addition to the three patients with evident testicular atrophy and com- 
plete loss of libido, three other patients also had complete loss of libido. 
In two, scrotal edema prevented adequate estimation of testicular size and in 
the third, testes slightly smaller than the lower limits of normal were meas- 
ured. These six patients have been included in a group, but differentiated by 
symbols as indicated. Three patients had analyses for more than one period. 
The data are pooled for each individual since there was no change in 
classification. 
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35 to 60 years. In addition, men with these symp- 
toms were, in general, more severely ill (grade 
III and IV) than those men without them. 


Miscellaneous observations 


The total neutral ketonic and non-ketonic frac- 
tions were determined on the ether extracts of 
the urine from five normal men and seven men 
with severe liver disease. The non-ketonic frac- 
tions were essentially the same for both groups 
while the mean total ketonic fraction for the men 
with liver disease was slightly less than one-half 
of that for normal men. This result is to be ex- 
pected since the urinary excretion of 17-keto- 
steroids is depressed in severe liver disease. 

The “free” fraction of neutral 17-ketosteroids 
was determined in 37 men with diffuse liver dis- 
ease and five normal men. ‘The difference be- 
tween the means of the free fraction of the two 
groups was not significant, nor was it significant 
if only those patients with grade III or IV liver 
disease were compared with the normal individ- 
uals. These findings are similar to those of 
Williams, Cantarow, Paschkis, and Havens (22). 
These authors have also presented data indicating 
some decreased ability to conjugate the increased 
amount of 17-ketosteroids produced by injection 
or testosterone propionate. 

The urinary excretion of reducing corticoids 
was examined for periods of one to five days in 
11 men and three women with varying degrees 
of diffuse liver disease. Seven of the 14 indi- 
viduals had one or more 24 hour specimens with 
corticoid values greater than those for normal 
Similar findings have been reported by 
The sig- 


controls. 
Bongiovanni and Eisenmenger (23). 
nificance is unknown. 


DISCUSSION 
Hormone excretion and severity of liver disease 


Clinical and pathological data have provided 
evidence in many patients with liver disease that 
there was probably an increase in the effective 
concentration of estrogens in the body fluids. The 
pioneer work of Glass, Edmondson, and Soll (2) 
afforded support for this concept by the finding 
of increased excretion of estrogens in the urine. 
Our findings, as well as those of Rupp, Cantarow, 
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Rakoff, and Paschkis (24) and Humm, Munson, 
and Salter (25) and others indicate an increase 
in total estrogen levels and decreased levels of 
neutral 17-ketosteroids in some patients with 
chronic liver disease, in so far as blood levels can 
Al- 
though the most severe grade of liver disease was 
associated with the highest total estrogen and the 
lowest 17-ketosteroid excretion, the relationship 
of urinary excretion of these substances to the 
severity of the disease, as judged by our criteria, 
not clear-cut Table I). Somewhat 
smaller increases in total estrogens and decreases 


be inferred from urinary excretion values. 


was (see 
in 17-ketosteroids have also been found in the 
acute stages of hepatitis, subsiding as the patient 
improved (26). The effect of liver disease on 
the excretion of unconjugated estrogens and es- 
trogen fractions is discussed below. 


Correlation of total estrogen excretion with 
liver function 
Figure 1 shows some mechanisms possibly in- 
volved in ridding the body of active estrogens. 


Increased production of estrogens seems im- 
probable as an explanation for the estrogenic ef- 
fects noted in some patients with liver disease, 
but remains a possibility. Impaired excretion or 
destruction, or both, seems to be a more probable 
explanation. The effect of conjugation on activity 
is discussed below. Figures 2 and 3 demonstrate 
the positive linear correlation of urinary estrogen 
excretion with serum bilirubin and bromsulphalein 
retention over a limited range. Since these tests 
are considered to be a measure of “excretory func- 
tion” of the liver, and since there is no significant 
correlation of estrogen excretion with other liver 
function tests nor as distinct a correlation with 
the general severity of the disease, it seems proba- 
ble that the increased urinary excretion is, in 
part, due to decreased excretion through the 
biliary tract or to a decrease of some other func- 
tions of the liver reflected by these tests. It is 
important to note that this relationship is demon- 
strated only for patients with lesser degrees of 
jaundice and was not present in two patients with 
severe jaundice. Decreased production of estro- 
gen in these severely ill men is suggested as a 
probable explanation for this finding. 

The biliary excretion of estrogens and _ their 
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esters has been recently reviewed (3,10). Biliary 
excretion has been demonstrated in laboratory 
animals and in man by bio-assay and chemical 
methods. Estrogenic activity has been found in 
the feces of normal men in amounts up to seven 
times that found in the urine (27, 28). 
trast, Gallagher, Fukushima, Barry, and Dobriner 
(29) have failed to find free or conjugated 17- 
ketosteroids in men. Recent 
work using estrogens labeled with radioactive 
halogens has shown that a high proportion of such 


In con- 


feces of normal 


compounds are excreted by way of the bile duct 
in both the mouse (10) and man (30). The 
quantities of radioactive material found in feces 
are considerably greater than would be expected 
from bio-assays and suggest that selective ex- 
cretion of the halogenated compounds may have 
occurred or that inactive or unextracted estrogens 
are present in the feces (10). Thus, it seems pos- 
sible that failure of excretion of estrogens through 
the biliary tract may account, in part, for the 
increased urinary excretion found in some pa- 
tients with liver disease. 


Excretion of estrogen fractions and the free 
and conjugated forms 


In this discussion of the “estrone,” “estradiol,” 
and “estriol” fractions, it must be remembered 
that separation of these three steroids is not ab- 
solute even by the best partition methods (9, 10). 
Our single experiment (described in Methods) 
would support this conclusion; especially for the 
small amounts of estrogens found in male urine. 
Nevertheless, this and the partition studies of 
others (9, 10) make it clear that the major ac- 
tivity of a fraction may be properly ascribed. It 
will be noted that our values for the estrogen frac- 
tions in the normal men are less than those re- 
ported by Pincus (31). 
to difference in preservation, hydrolysis, and ex- 


This is presumably due 


traction technics. 

In the men with liver disease, the major in- 
crease occurred in the free and conjugated form 
of the estriol fraction. It seems unlikely that 
hepatic disease would be associated with increased 
conversion of estradiol and estrone to estriol. In 
fact, there is some evidence from studies on a man 
with cirrhosis of decreased conversion to estriol 


(32). Since nothing is known of the type of 
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estrogen produced by the adrenal and testes of 
the human male, the significance of this finding is 
not clear. 

Only six of the 17 patients in our series showed 


an increase in the unconjugated estrogens. This 
agrees with the finding of Rupp and associates 
(24), but is a smaller proportion than that found 
by Glass, Edmondson, and Soll (2). During the 
past 10 years, it has become abundantly evident 
that hydrolysis of steroid conjugates may occur 
if urine is allowed to remain at room tempera- 
ture, and even to some extent at 4° C. There- 
fore, this possibility must be considered in any 
study involving analysis of the free form. We 
believe that our findings represent a true differ- 
ence in values between patients with liver disease 
and the normal controls, since the urine specimens 
were handled in a similar fashion for both groups, 
care being taken to decrease the possibility of 
spontaneous hydrolysis. 

In discussing the physiological role of the free 
form of estrogens and of estriol, it seems proper 
to reconsider the concept that the conjugated 
steroids and estriol are considerably “less active” 
(8). These ideas were based on data primarily 
derived from assays employing subcutaneous or 
intramuscular injections. Differences in rates of 
absorption from the site of injection is a recog- 
nized factor in the effect of the various forms of 
estrogen on the target tissues and for this reason 
this technic does not measure the true potency 
at the level of the target tissue. Intravaginal as- 
says are believed to afford a better comparison of 
potency at the tissue level. Robson and Adler 
have demonstrated the local effectiveness of estriol 
glucuronide by instilling it into one section of the 
surgically made double vagina in mice (6). Fur- 
thermore, Emmens’ (7) assays of certain esteri- 
fied and non-esterified estrogens, by intravaginal 
technic show but little, if any, difference in ac- 
tivity of the two forms. The intravaginal assay 
of estrogens absorbed on various proteins dem- 
onstrates that estradiol is only slightly more active 
than estrone and estriol, which have the same 
potency (33). However, we are unaware of com- 
parative assays of the free form and the glucu- 
ronide of estrone, estradiol, and estriol done by 
the multiple dose intravaginal technic. Since many 
tissues in the body show glucuronidase activity, 
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it seems probable that conjugation with glucu- 
ronic acid or lack of it is not an important factor 
in determining estroge. activity for such tissues 
(34). Therefore, it is believed that the produc- 
tion of the conjugated forms and of estriol from 
estrone or estradiol, should no longer be con- 
sidered important mechanisms for decreasing the 
activity of estrogens. Furthermore, we have not 
found a significant correlation of any physiologi- 
cal effect of estrogen with the urinary excretion 
of the total free fraction. The relationship of the 
free estriol fraction to the presence of cutaneous 
spider nevi is discussed later. 


Inter-relationships in urinary excretion 
of hormones 


The relationship of urinary 17-ketosteroid and 
gonadotrophin excretion (Figure 7) in these pa- 
tients is supporting evidence of the role of gonado- 
trophic hormones in the production of 17-keto- 
steroids in males. It seems probable that the large 
proportion of urinary 17-ketosteroid formed from 
adrenal cortical steroids partially obscures this re- 
lationship. The relatively lower gonadotrophin 
excretion with high excretion levels of estrogen, 
as demonstrated in Figure 5, is also to be ex- 
pected, since there is considerable physiological 
data supporting the concept that increased levels 
of blood estrogen are associated with decreased 
gonadotrophin secretion. It is of interest that rela- 
tively slight increases of estrogen excretion are 
associated with apparent decrease in gonadotrophin 
excretion and there are apparently even more 
definite relationships with 17-ketosteroid excre- 
tion (Figure 6). 


Correlation of hormone excretion with 
clinical manifestations 


The increased excretion of total estrogens and 
decrease in 17-ketosteroids in association with 
stable or advancing gynecomastia in men with 
liver disease needs but little comment. The ap- 
parent lack of correlation in some investigations 
(24, 35) may, in part, be due to regressing gyne- 
comastia being included in the series. In four of 
our eight cases of gynecomastia, this symptom 
disappeared within four months of the urine col- 
lection period. In two of these men, the estrogen 
excretion was normal, and in two, it was only 
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moderately elevated (Figure 8). Thus, observa- 
tions on hormone-tissue relationships may be con- 
fusing unless the condition of the target tissue at 
the time of the urine collection is known. There 
was no relationship between the free form of es- 
trogen and the presence of gynecomastia. This 
does not support the thesis of Glass, Edmondson, 
and Soll (2) that gynecomastia is due to an 
increase in the free form of estrogens. 

The possibility exists that the tissue androgen 
level may play a role in the production of gyne- 
comastia. It has been demonstrated by Muhlbock 
(36) that testosterone may inhibit the growth of 
breast tissue, ordinarily produced by estrone in 
the castrate male rat. Recent observations in two 
patients with adrenal cortical tumors secreting 
large amounts of estrogen and androgens with- 
out gynecomastia and in two patients with adrenal 
tumors and exhibiting gynecomastia and high 
urinary estrogen values with normal 17-keto- 
steroids, suggest that this may also be true, to 
some extent, in man (37). With this in view, the 
estrogen-ketosteroid ratio was calculated and 
charted in Figure 8. It will be noted that there 
was a greater difference between those patients 
having gynecomastia and liver disease, and those 
with liver disease but without gynecomastia when 
charted in this fashion, than when these groups 
are compared on the basis of total estrogen ex- 
cretion. The appearance of gynecomastia dur- 
ing testosterone administration, and many other 
unexplained observations (38) serve to empha- 
size the difficulties in the over-simplified con- 
siderations detailed above. 

There was no correlation between the presence 
of cutaneous spider nevi and the urinary excre- 
tion of total estrogens. However, clinical evi- 
dence (39) strongly supports some role of estro- 
gens in the production of cutaneous spider nevi, 
but the peculiar distribution of ‘skin spiders” 
and other considerations indicate that other fac- 
tors than estrogens are probably of importance 
in the production of these lesions. Our data show 
a significant correlation between the presence of 
non-regressing “skin spiders” and the urinary 
excretion of estriol in the free form. This sur- 
prising finding suggests that the free form of 
estriol may stimulate growth of certain blood 
vessels under special conditions. It also suggests 
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the absence of glucuronidase activity in the blood 
vessels of the skin. 

and loss of libido in patients 
associated with significantly 


lower values of urinary gonadotrophins and a 


Testicular atrophy 
with liver disease is 


decrease of borderline statistical significance in 
the 17-ketosteroids. Although the method em- 
ployed to measure “gonadotrophins” in this study 
is believed (18) to measure primarily the effect 
of follicle stimulating hormone (FSH), it is prob- 
able that the presence of some interstitial cell 
stimulating hormone (ICSH) for 
activity. Thus, suggestive evidence is afforded 
that the 17-ketosteroid in 
these men is due, in part, to decreased production 


is necessary 


decreased excretion 
of androgens by the Leydig cells of the testes as a 
result of decreased gonadotrophic hormone secre- 
tion by the pituitary. The effect of chronic ill- 
ness on adrenal cortical function must also be 
considered. The decreased androgens may, in 
this instance, be an important factor in loss of 
libido. The stimulating effect of intramuscular 
injection of testosterone upon sexual desire in 
men with liver disease has been briefly noted by 
Rosenak, Moser, and Kilgore (40). The testicu- 


lar atrophy may be attributed to the decrease in 


gonadotrophins. The relative importance of FSH 
and androgens in support of the tubular tissue of 
the adult human testis is obscure. From inspec- 
tion of the data, it seems likely that the increase in 
circulating estrogens (presumed from the urinary 
excretion values) is not the only factor responsi- 
ble for inhibition of gonadotrophin production. 
Age and impaired nutrition may play a role, 
SUM MARY 

The urinary excretion of the unconjugated and 

estradiol,” 


and “estriol” neutral 17- 
ketosteroids and gonadotrophins, has been deter- 


conjugated forms of the “estrone,” 
fractions, as well as 
mined for one or more three to 22 day periods 
17 men with diffuse 


The results support the concept 


in five normal men and 
hepatic disease. 
of disturbed hormone metabolism as a cause for 
some of the symptoms of diffuse hepatic disease 
and suggest that decreased biliary excretion may, 
in part, be responsible for the increased urinary 
excretion of estrogens. The main findings are 


listed below : 
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Estrogens. (1) Total estrogen excretion was 
increased in 11, and the unconjugated form in six 
of the patients. The group with most severe liver 
disease exhibited the highest excretion of both 
conjugated and unconjugated forms of estrogens. 
(2) The excretion of total estrogens showed a 
highly significant correlation with bromsulphalein 
retention and the total serum bilirubin values in 
patients with mild jaundice. Two patients with 
severe jaundice did not show increased estrogen 
excretion. There was no significant correlation 
with other tests of liver function. (3) The excre- 
tion of total estrogens (but not that of the un- 
conjugated form) was significantly increased in 
the four patients with advancing or stable gyne- 
comastia in comparison to that of patients with 
regressing or no gynecomastia. (4) In general, 
a high total estrogen excretion was associated 
with less than average gonadotrophin and 17-keto- 
steroid excretion. (5) Both the conjugated and 
unconjugated forms of “estriol’’ were increased 
to a greater extent and more frequently than 
“estrone” or “estradiol.” (6) The excretion of 
unconjugated “estriol” was significantly increased 
in the patients exhibiting stable or advancing cu- 
taneous spider nevi. 

17-Ketosterotds. 
was less than normal in 14 of the 17 patients and 


The 17-ketosteroid excretion 


was decreased in the four men with stable or ad- 
vancing gynecomastia and the six men with tes- 
ticular atrophy and/or loss of libido when com- 
pared to patients without these symptoms. 
Gonadotrophins. 
cantly decreased in the six patients with testicular 


Gonadotrophins were signifi- 
atrophy and/or complete loss of libido. 
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THE EFFECT OF EPINEPHRINE (USP), -EPINEPHRINE, AND ]-NOREPINEPH- 
RINE ON GLOMERULAR FILTRATION RATE, RENAL PLASMA FLOW, AND 


THE URINARY EXCRETION OF SODIUM, POTASSIUM, AND WATER 


The adrenal medulla apparently elaborates at 
least two highly active pressor principles, /-epi- 
nephrine and /-norepinephrine, that may pro- 
foundly affect the renal circulation in man. In 
physiologic dosage both substances evoke an in- 
trarenal vasoconstriction which tends to reduce 
renal blood flow in the face of an elevated arterial 
pressure without significant alteration in glo- 
merular filtration rate (1-3). Associated changes 
in urine formation might be predicted but have 
not as yet been clearly defined. In animals, /-epi- 
nephrine seems to give rise to a water diuresis 
and augmented excretion of chloride (4-8), 
whereas in man both agents may diminish urine 
flow (1, 2). <A study of the effect of pure 
l-erinephrine and J/-norepinephrine upon renal 
hemodynamics, and excretion of water and elec- 
trolytes in normal human subjects was under- 
taken in order to clarify this problem. Since most 
of the earlier work is based upon the use of 
adrenal extracts which have been found to con- 
tain both pressor amines (9, 10), the effect of 
epinephrine (USP) was also examined in order 
to ascertain whether its action is specific or pre- 
dominantly that of one of its ingredients. 


METHODS 


The subjects of this study were 17 convalescent patients 
(seven male, ten female) from the wards of the Presby- 
terian Hospital in the City of New York. All were free 
of clinically demonstrable cardiac and renal disease. 
They received a well-balanced hospital diet containing 
approximately 10 grams of sodium chloride each day. 


1 This work has been aided by a grant from the Ameri- 
can Heart Association. 

2 These data were presented in detail before the Inter- 
national Congress of Clinical Pathology, London, England, 
on July 19, 1951 (33). 

8 Research Fellow of the American College of Physi- 
cians. 

4 Fellow of the New York Heart Association. 
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The effects of [-norepinephrine 5 were determined on 12 
occasions, and of /-epinephrine® and epinephrine (USP) 
three times each. Glomerular filtration was measured 
as the inulin clearance, and renal plasma flow as the 
sodium p-aminohippurate clearance.? The renal clearances 
of sodium and potassium were determined simultaneously. 
The blood pressure was measured sphygmomanometrically, 
and mean pressure calculated after the method of Boger 
and Wezler (11) for use in computation of renal vas- 
cular resistance. The methods employed in the experi- 
mental procedures and chemical analyses have been de- 
scribed at length elsewhere (12, 13). All! solutions were 
made up in 5% dextrose and distilled water. Three suc- 
cessive resting control clearance values were determined 
at ten-minute intervals prior to intravenous administration 
of an infusion of the pressor agent under study (4 to 8 xg./ 
ml. of 5% dextrose in distilled water) at a rate which 
was maintained constant at about 15 “g./min. in most in- 
dividuals. In one very susceptible subject the rate of 
infusion (l-epinephrine) could not be raised above 2 ug./ 
min. without discomfort, and in another 46“g./min. of 
I-norepinephrine was required to produce the desired 
effect. An effort was made to maintain the mean arterial 
tension between 25 and 50 mm. Hg above the control 
without undue subjective reaction. These precautions 
eliminated the possible role of fright or discomfort in 
producing the observed effects. The urine voided during 
the period of equilibration of the arterial pressure at a 
constant level was discarded and three successive de- 
terminations were then made over an interval of from 
30 to 45 minutes. 
values were obtained after the blood pressure had re- 
turned to control levels and after a 15-minute discard 
period to permit equilibration. 


In ten instances, two more clearance 


RESULTS 


Systemic circulatory adjustments and subjec- 
tive response. The systemic hemodynamic and 


5 Supplied through the courtesy of the Medical Research 
Department, Winthrop-Stearns, Inc., as “Levophed.” 

6 We are indebted to Dr. Maurice Rapport for a sup- 
ply of pure /-epinephrine. 

7 We are indebted to Dr. W. Boger and the Medical 
Research Division of Sharp and Dohme, Inc., Philadelphia, 
Pa., for a generous supply of sodium p-aminohippurate. 
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CONTROL RECOVERY 


1 


4 PERIODS 6 
URINE FLOW 


Fic. 1. Tue Errect or (USP), I-Ept- 
NEPHRINE AND I-NOREPINEPHRINE ON UrINE Flow 
The values for urine flow during each “period” (usually 
ten to 15 minutes in length) have been averaged and ex- 
pressed here as the percentage of the pooled and averaged 
control figures. An infusion of epinephrine (USP) 
(open squares), /-epinephrine (closed circles), or /-nor- 
epinephrine (open triangles) administered intra- 
venously during the periods marked “Infusion.” With 
one exception (P. D.) in Table I, in whom only periods 
8 and 9 were obtained during recovery, all data presented 
here were collected in complete experiments. Three ex- 
periments are thus averaged together for each substance, 
wiz., epinephrine (USP)—H. J.,, C. N., and G. 
l-epinephrine—A. B., M. W. and G. l-norepinephrine— 
I. C., A. B,, and E. R. (See Table I for further informa- 
tion regarding these subjects.) The urine flow rose 
slightly during the infusion of all the pressor amines and 
fell sharply on withdrawal during the “Recovery” periods. 


was 


subjective responses to epinephrine (USP), l-epi- 
nephrine and /-norepinephrine observed during 
the course of this study were similar to those re- 
ported previously (13-15). Epinephrine (USP) 
and /-epinephrine had a similar effect in produc- 
ing an elevation in systolic pressure with slight or 
no change in diastolic pressure. On the average, 
systolic pressure increased 20 and 35 mm. Hg 
and diastolic increased 4 and 8 mm. Hg, respec- 
tively, in association with tachycardia. Despite 
these relatively slight changes in arterial tension, 
the subjects usually complained of nervousness 
and palpitation, the heart rate was occasionally 
irregular (premature contractions) and tremor 
and pallor were often striking. On termination of 
the infusion the skin became flushed and a sensa- 
tion of increased body warmth was experienced. 
In contrast, l-norepinephrine in approximately 
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equal dosage brought about a more striking eleva- 
tion in both systolic (averaging 50 mm. Hg) and 
diastolic (25 mm. Hg) pressures in association 
with a marked bradycardia and very little subjec- 
tive disturbance. Some subjects complained of 
slight headache, dizziness, substernal oppression 
and breathlessness; others suffered no discom- 
fort whatever. Hyperemia of the skin was not 
noticeable following withdrawal of the drug. 

Renal vascular adjustments. Despite these dif- 
ferences in systemic hemodynamic activity all 
three substances affected renal function similarly. 
The averaged figures for renal plasma flow 
(RPF) and glomerular filtration rate (GFR) 
during the control period, during the infusion of 
the pressor agent and during the recovery period 
are presented in Table I. It can be seen that renal 
plasma flow (RPF) decreased in all but one 
(H. J.), in whom J/-epinephrine produced renal 
vasoconstriction proportionate to the elevation in 
arterial pressure so that there was no change in 
RPF. Glomerular filtration (GFR) remained 
relatively unchanged or increased slightly so that 
the filtration fraction (GFR/RPF) always rose. 
The calculated renal vascular resistance was in- 
variably increased—to a much greater extent by 
I-norepinephrine than by either /-epinephrine or 
epinephrine (USP). These changes were rap- 
idly reversible on termination of the infusion. A 
moderate increase in renal blood flow was ob- 
served approximately 30 minutes following epi- 
nephrine (USP) and /-epinephrine that did not 
develop following /-norepinephrine. 

Changes in water and electrolyte output. All 
three agents influenced the urinary excretion of 
sodium, potassium, and water in the same way. 
The plasma sodium and potassium concentration 
did not change significantly at any time. Sodium 
and potassium output in the urine usually de- 


creased sharply and significantly * whereas urine 


8 Statistical analysis indicates that these changes are 
highly significant. Although electrolyte output varied 
widely from subject to subject, the variation within any 
single individual was relatively small during periods of 
time equivalent to those covered in these experiments. 
Similar studies of inactive agents, such as small doses 
of isotopes, revealed no changes in electrolyte excretion 
greater than those occurring spontaneously during the 
control periods. Hence, the observations reported here 
cannot be accounted for on the basis of chance variations 
or of nonspecific effects of the experimental procedure. 
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EFFECT OF ADRENAL MEDULLARY 


flow showed no consistent directional change. On 
termination of the infusion and on the return of 
blood pressure to normal values, sodium and po- 
tassium excretion tended to return toward con- 
trol levels and urine flow usually fell off abruptly 
(Table I and Figures 1 to 3). Urine flow (V) 
increased markedly in two of the three patients re- 
ceiving epinephrine (USP) and in all three fell 
off to or below the control level during recovery. 
The urine flow increased (Table 1) significantly 
in only one of three studies with /-epinephrine 
and decreased sharply during recovery in all 
three. The diuretic tendency was much less evi- 
dent during the action of /-norepinephrine. Aver- 
aged urine flows were observed to rise in three 
(P. D., T. G, F. E.), remain relatively un- 
changed in six, and fall in three (D. C., K. N., 
P. M.). In two of four measurements made dur- 
ing recovery the urine flow diminished. Since 
many of these patients were responding by diure- 
sis to water ingested prior to the study, the rise 
in urine flow may have been coincidental. In 
Figure 1, the values for urine flow during each 
clearance measurement have been averaged and 
plotted as the percentage of the total control mean 
values, using only those experiments in which re- 
covery was followed for at least 30 minutes. The 
discard period excluded from the averaged re- 
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URINARY SODIUM EXCRETION 


Fic. 2. Tue Errect or EpInepurine (USP), J-Ept- 
NEPHRINE, AND /-NOREPINEPHRINE ON URINARY SODIUM 
EXCRETION 

The data for urinary sodium excretion in the subjects 
presented in Figure 1 are handled here in the same man- 
ner. Sodium excretion decreased during the drug action 
and tended to return to the control levels following termi- 
nation of the infusion. 
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% CONTROL INFUSION RECOVERY 
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URINARY POTASSIUM EXCRETION 
Fic. 3. Tue Errecr or Ertnepurine (USP), /-Ept- 
NEPHRINE, AND /-NOREPINEPHRINE ON UriNARY Portas- 
stuM EXCRETION 
The data are treated as in Figure 1. Potassium ex- 
cretion decreased markedly during infusion of each drug 
and tended to remain low thereafter. 


covery values in Table I have been included in 
this figure. The similarity of the response to 
Lnorepinephrine, /-epinephrine, and epinephrine 
(USP) is obvious. This figure brings out more 
clearly than the averages presented in Table I the 
tendency for urine flow to fall below the control 
values during recovery from the pressor effect, 
and indicates the lack of clear-cut evidence for 
the development of water diuresis during pressor 
activity. 

Sodium excretion (Una V in Table 1) de- 
creased on the average during the infusion of 
epinephrine (USP) and /-epinephrine in two or 
three studies each, and in nine of 11 during in- 
fusion of /-norepinephrine. During the recovery 
period sodium excretion returned to or above 
the control in one subject after epinephrine 
(USP) and in two after /-epinephrine. It did not 
reach the control level in any of the three fol- 
lowed during recovery from the action of /-norepi- 
nephrine. These effects are more obvious in Fig- 
ure 2 which is constructed like Figure 1, on the 
basis of averaged values for each clearance period, 
including the recovery discard period expressed 
in terms of the total control mean. It can be seen 
that /-norepinephrine appeared to have a much 
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more profound effect in depressing sodium excre- 
tion than either J/-epinephrine or epinephrine 
(USP). Asa rule sodium excretion fell off much 
more than urine flow and the urinary concentra- 
tion of sodium diminished (Table 1). Sodium ex- 
cretion decreased more than the filtration rate so 
that the sodium-inulin clearance ratio (Cna/Cin 
in Table I) fell in all but P. M. and E. B. 
(1-norepinephrine ), indicating augmented tubular 
reabsorption of sodium, 

Potassium excretion was also depressed by the 
action of epinephrine (USP), l-epinephrine, and 
l-norepinephrine. This change occurred without 
exception and persisted throughout the recovery 
period (Table I and Figure 3). The urinary po- 
tassium concentration always decreased and the 
potassium-inulin clearance ratio (Ck/Cin in Table 
1) fell and remained low following recovery. 
Hence, the tubular reabsorption of potassium was 
always augmented by the adrenal medullary hor- 
mones. In general, /-norepinephrine appeared 
to produce a more profound change in sodium 
excretion than in potassium excretion whereas 
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l-epinephrine had a greater effect on the output 
of potassium. 


DISCUSSION 


Despite a noteworthy divergence in systemic 
hemodynamic activity, /-norepinephrine and /-epi- 
nephrine produce more or less identical changes 
in renal function. Epinephrine (USP), a mix- 
ture of the two, behaves like /-epinephrine in its 
action upon the circulation and the kidney. Over- 
all vasodilatation is manifest in elevated cardiac 
output with little or no change in mean arterial 
pressure during the action of /-epinephrine and 
epinephrine (USP), whereas generalized vaso- 
constriction is evident in diminished cardiac out- 
put and elevated arterial pressure during the re- 
sponse to /-norepinephrine (3, 14, 15). All 
excite a renal vasoconstriction that reduces renal 
blood flow without significant change in filtration 
(1-3). 
that all appear to interfere to some extent with 
tubular reabsorption of water and that all give 


The present study has revealed further 


rise to augmented tubular reabsorption of sodium 


TABLE I 


The effect of adrenal medullary hormones on renal function * 


Subject | v 


Age | Procedure | 


mm 
| 


GFR 


ml. /min. | ml 


Ck/Cin 


FF UnaV Uk V Cna/Cin 


min. | ml./min. pEg./min.| pEq./min 


epinephrine (USP) 


Control 
Infusion 
Recovery 


Control 
Infusion 
Recovery 


Control 
Infusion 
Recovery 


90 


0.9 
0.8 
1.0 


Control 
Infusion 
Recovery 


Control 
Infusion 
Recovery 


Control 
Infusion*® 
Recovery 


90 
118/50 


l-epinephrine 


— 
{ — = = — = = 
Sex 
min | % % 4 
| | | 
HS H. J. | 118/80} 72 1.6 m | 470 19 74.6 45.3 | 0.59 | 12.96 
é M 49° 155] | 138/80} 80 6.1 95 | 480 20 55.2 21.0 | 0.42 | 5.65 
i 122/72| 74 11 | 110 | 555 20 89.2 20.6 | 0.56 | 4.72 
a C.N. 100/64} S54 63 | 105 | soo | 21 | 103.1 | 63.3 | 0.72 | 13.74 
& F 37 1.67 | 130/70 75 8.0 105 375 28 97.6 18.3 0.68 3.94 
| 98/58 | 60 0.8 95 | 520 18 92.1 11.7 | 0.72 | 2.83 
2 ac. 120/70} 70 | 12.2 | 130 | 680 19 | 373.6 | 1454 | 2.04 | 24.28 
M 391.95 | 138/74} 85 | 13.3 | 145 | 550 27. 277.8 65.6 | 1.37 | 10.10 
2a | | 124/64| 74 15 | 130 | 740 18 | 202.2 27.9 | 1.14 | 4.74 
eae A.B. 120,84) 95 105 | 440 24 86.5 50.8 | 0.63 | 10.00 
Bs M 44 1.64 148/84] 110 105 | 395 27 81.0 33.1 | 0.59 | 7.19 
128 105 115 | 455 25 118.0 23.6 | 0.79 | 4.27 
M. W. 10074] 76 55 | 10 | sso | 21 | 1184 | 214 | 081 | 5.23 
vis F 26 1.58 140/82 90 9.1 95 340 28 90.5 16.1 0.71 4.50 
10062 | 90 | 18 | 115 | 560 20 123.0 14.4 | 0.83 | 3.40 
“oa G.I. 114/76| 72 78 | 100 | 600 17 78.6 85.3 | 0.58 | 19.70 
we F 29 1.53 P| 04 6.2 | 115 | 495 24 63.8 57.3 | 0.41 | 11.36 
- | 74 28 | 125 | 745 | 17 614 | 26.2 | 0.36 | 4.87 


TABLE 1~—Continued 
Subject B.P. P_R | GFR RPF FF UnaVv Uk V Cna/Cin | Ck/Cin 
Sex Age S.A. Procedure | | per | | | | | | , 
M? | | min. min | mi. / min. | ml. /min. | % | mEg. /main | % 
} | | 
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l-norepinephrine 


23 1.56 


ALB. 


M 44 1.64 


Control 
Infusion 
Recovery 


Control 
Infusion 
Recovery 


Control 
Infusion 
Recovery* 


Control 
Infusion 
Recovery 


100/62 
150/90 
106/60 
124/88 
172/108 
124/ 90 


132/94 
98/56 
120/80 
170/102 
110/74 


88 /54 


Control 
Infusion 


Control 
Infusion 


Control 
Infusion 


Control 
Infusion 


108/80 
158/106 


110/72 
168/90 


Control 
Infusion 


122/62 
146/82 


wom 


wo 


155 465 33 $4.0 32.7 0.25 5.00 
155 550 26 74.4 34.! 0.34 745 
105 425 24 104.3 65.6 “07 75 12.03 
75 270 28 8.3 28.3 0.29 tint 
105 440 24 61.0 52.0 0.44 9.34 
85 340 25 40.1 60.5 0.37 $5.22 
55 125 44 11.4 16.2 0.15 8.33 
85 365 2 26.4 39.1 0.24 13.45 


25.30 


90 520 18 96.7 2 0.72 

120 485 24 47.1 78.2 0.29 14.60 
85 390 22 161.2 55.2 1.38 13.20 
90 315 29 409 9 36.2 1.22 8.03 


18.10 


90 §35 17 1 18. 1 63.2 

95 295 32 67.2 2a0 0.50 6.33 

115 650 19 115.1 104.0 0.77 27.49 
7 16.80 


104.0 


Control 112/74 85 

F 34 1.90 | Infusion | 146/88 78 
P. M. Control 94/60 65 

F 28 1.87 | Infusion 144/88 55 
E. B. Control 102/66 80 

F 25 1.72 | Infusion 138/92 65 


= | 


| 


‘| 
WMA! 


115 575 20 101.0 81.2 0.64 17.86 
110 430 25 80.0 49.1 0.54 11.22 
105 630 17 164.2 130.0 1.11 27.20 
105 500 22 169.3 83.6 1.27 17.20 
130 535 24 37.3 0.30 6.01 
135 495 28 73.4 29.5 0.40 4.47 


manometrically. are as follows: 
S. A. = body surface (M?) 


Cna/ Ci 


Ck/Cin 


In 


pulse rate 
urine flow (ml./min.) 
glomerular filtration rate, inulin clearance (ml./min.) 

renal plasma flow, sodium p-aminohippurate clearance (ml./min.) 

filtration fraction —GFR / RP F (%) 

urinary sodium output (wEq./min.) 

urinary potassium output (uEq. /min.) 

sodium-inulin clearance ratio or proportion of filtered sodium excreted (%) 
potassium-inulin clearance ratio or proportion of filtered potassium excreted (%) 


l-norepinephrine have any effect on Tm. 


All values are averages of two or more determinations except in instances marked with an asterisk. Infusions of epi- 
nephrine (USP), l-epinephrine, or /-norepinephrine were administered throughout “infusion” period at a rate sufficient to 
produce an elevation in arterial pressure without undue discomfort. The arterial pressure (B.P.) was measured sphygmo- 


and potassium. Since maximal tubular reabsorp- 
tive (glucose Tm) and excretory (diodrast Tm) 
capacities are not affected by epinephrine (USP) 
(16), it is not likely that either /-epinephrine or 
It 
may be inferred from this and much additional 


direct evidence (17-19) that the renal vasculature 
and parenchyma are diffusely and totally involved 
in the observed response. 

The mechanism of the change in urine forma- 
tion is not yet apparent. Since it appears when 
blood pressure is little altered or, contrariwise. 
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greatly increased, when tachycardia indicates in- 
creased cardiac output during the action of l-epi- 
nephrine, or when bradycardia denotes diminished 
output with /-norepinephrine, it may be presumed 
that the general systemic hemodynamic adjust- 
Attention must 
be paid rather to the local renal circulatory ad- 


ment is not a determining factor. 


justments and to the possibility of direct or in- 
direct influence upon tubular cellular activity by 
the drugs themselves. 

The site of intrarenal vasoconstriction has been 
placed by Smith and others in the post-glomerular 
vascular bed. ‘This view is based upon the ob- 
servations of Richards and Plant (20, 21) that 
perfused kidneys may swell during the action of 
adrenal extracts (and presumably also l-epineph- 
rine), and of Smith and his associates (1, 22 
The 
first is interpreted as evidence for engorgement 


that glomerular filtration does not decrease. 


of a sizeable portion of the renal vascular bed 
proximal to the point of constriction. Since fil- 
tration does not increase it may be presumed that 
intraglomerular filtration pressure must rise in 
proportion to the decrement in renal plasma flow 
independently of any alteration in systemic ar- 
In this view afferent arteriolar 
constriction develops in proportion to the eleva- 
tion in the blood pressure and vasoconstriction in 
the post-glomerular vascular bed accounts for de- 


terial pressure. 


pression of renal blood flow below the control 
value. Gomez (22, 23) has placed the site of 
this activity in the venular bed in order to account 
From this 
it follows that intrarenal pressure may rise and 
bring about the observed augmentation in tubular 
But studies (24) of the 
effect of increased intra-abdominal pressure, that 


for the swelling of perfused kidneys. 


yeabsorption of sodium. 


presumably increases intrarenal tension, indicate 
that water reabsorption is also increased and that 
potassium reabsorption is relatively unaffected. 
Hence, it seems unlikely that increased interstitial 
pressure in the kidney was an important deter- 
mining factor in these studies. 

The adrenal medulla is part and parcel of a 
widespread integrated regulatory system that in- 
cludes the autonomic nervous system and, among 
other organs, the adrenal cortex and the pituitary. 
Although the renal excretory response to medul- 
lary hormones may be mediated in part by neural 
pathways, the temporal relationships between 
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stimulus, response, and recovery suggest that 
humoral mechanisms are operative. Some hu- 
moral agents such as antidiuretic hormone and 
desoxycorticosterone acetate appear to affect 
renal excretion of water and electrolytes by direct 
action upon the renal tubules. It is possible that 
the adrenal medullary hormones behave in this 
manner or that they alter the production of active 
agents by other organs. Secondary release of 
adrenal cortical hormones or adrenocorticotrophic 
hormone (25) might thus account for the incre- 
ment in tubular reabsorption of sodium, although 
these substances would be expected to promote— 
and not depress—potassium excretion (26). The 
marked fall in urine flow on withdrawal of these 
agents suggests that they may interfere with tubu- 
lar reabsorption of water, an effect which may be 
attributable to diminished secretion of antidiuretic 
hormone (27). Perhaps the electrolyte-retaining 
effect of adrenal medullary hormones is attribu- 
table, in part at least, to an altered cellular me- 
tabolism. The resultant shifts in electrolyte and 
water distribution may ultimately influence renal 
function directly through derangements in the 
composition of the blood. The relative impor- 
tance of these factors is under investigation. 
Presumably any condition or situation that 
stimulates release of large amounts of epinephrine 
and norepinephrine is one in which renal reten- 
tion of sodium and potassium occurs. However, 
pheochromocytomata are not reported to have 
this effect. Hence it is probable that the changes 


observed in the course of this study occur only as 
an immediate response and that continued change 
is prevented by corrective adjustments to restore 


electrolyte output to normal. It is unlikely, there- 
fore, that epinephrine and norepinephrine play a 
role in producing the defect in sodium excretion 
encontered in such conditions as cardiac decom- 
pensation, On the other hand, the decrease in 
electrolyte excretion during anesthesia (28) and 
exercise (29), for example, may be ascribed to 
the action of adrenal medullary hormones upon 
the tubules as well as to diminished glomerular 
filtration.® 


® Since this paper was submitted for publication several 
papers dealing with this subject have appeared. Jacob- 
son, Hammarsten, and Heller (30) have confirmed in 
general the observations reported here. They found 
that epinephrine (USP) caused a reduction in sodium and 
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SUMMARY 


Epinephrine (USP), /-epinephrine, and /-nor- 
epinephrine have been found to depress the uri- 
nary excretion of sodium and potassium in nor- 
mal human subjects. Since the glomerular filtra- 
tion rate remained relatively constant despite 
elevated arterial pressure, intrarenal vasoconstric- 
tion, and renal ischemia, the change in electrolyte 
output must be ascribed to augmented tubular re- 
absorption. Urine flow usually increased some- 
what during the action of the adrenal medullary 
hormones and fell off sharply on withdrawal, sug- 
gesting that these drugs interfere with tubular 
reabsorption of water. 
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Vogel in 1854 (1) observed that the flow of 
urine at night was usually less than that by day. 
He attributed this nocturnal oliguria chiefly to 
decreased fluid intake, but Roberts in 1860 (2) 
and Quincke in 1877 (3) showed that urine flow 
increased in the morning even when no food or 
fluid was taken. This matutinal diuresis did not 
occur if the subject went back to sleep (3). 
Moreover, although the specific gravity of the 
night urine was higher than that of the morning 
urine, the change in density was relatively smaller 
than that in volume, indicating that excretion of 
total solids as well as of water was decreased dur- 
ing the night (2, 4-6). Reversal of the normal 
excretory pattern was described in patients with 
cardiac or renal disease (5, 7). Similar findings 
were reported by various authors (8-15). It has 
also been demonstrated repeatedly that renal ex- 
cretion rates for chloride (4, 16-32), sodium (4, 
23, 24, 29-33), and potassium (4, 23, 24, 29-33) 
are consistently much lower by night than by day, 
even when no food or electrolyte is taken or when 
the dietary intake is equally distributed over each 
24-hour period. The output of urea characteristi- 
cally declines at night (10, 12, 14, 17, 18, 28, 33- 
35), but Smits (29) and Borst and de Vries (30) 
relate this decrease in excretion, unlike that of 
other solutes, to nocturnal diminution of urine 
flow; they find that the nocturnal excretion rate, 
“corrected” according to the Van Slyke formula 
for standard urea clearance, approximates the 
rate by day. Uric acid excretion also falls during 
the night (8, 36, 37). Phosphate excretion is 
ordinarily higher at night than by day (17, 18, 24, 
32), but a nocturnal fall has been described in 
the fasting recumbent subject (38). Although 
creatinine excretion has been found to decrease 
slightly at night (19, 36, 37, 39), the change is mi- 
nute in comparison with the large variations in ex- 
cretion of water, electrolytes and uric acid. The 
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renal clearances of endogenous creatinine (39, 
40) and of inulin (40) normally fall slightly dur- 
ing the nocturnal hours; however, the decline in 
urine flow at night is almost entirely due to in- 
creased tubular reabsorption of water rather than 
to decreased filtration. 

The mechanisms responsible for the normal 
renal excretory rhythm are obscure. Evidence 
which suggests that the anterior pituitary is es- 
sential for maintenance of some diurnal rhythms 
in certain species has been reviewed by Kleitman 
(41). The possible dependence of renal excre- 
tory rhythms upon diurnal variations in adreno- 
cortical activity was considered by Borst and de 
Vries, but they found that nocturnal suppression 
of sodium and potassium excretion occurred in a 
patient with Addison’s disease (30). Examina- 
tion of other data concerning electrolyte excretion 
indicates that the normal diurnal rhythm may be 
altered in adrenalectomized rats (42) and in un- 
treated patients with Addison’s disease (43). On 
the other hand, of four patients with Addison’s 
disease studied by Slessor (44), three showed a 
distinct matutinal increase in the rate of chloride 
excretion, whereas of three patients with panhy- 
popituitarism, two showed no significant increase. 

If the diurnal variations in electrolyte excretion 
are related to fluctuations in adrenocortical ac- 
tivity, they should be modified in patients who re- 
ceive large doses of cortisone at regular intervals 
during each 24-hour period. Under these circum- 
stances endogenous production of adrenocortical 
hormones should be minimal (45-47), and varia- 
tions in endogenous production would probably 
be unimportant with continuing absorption from 
large intramuscular depots, or frequent oral ad- 
ministration. The observations which form the 
basis of this report indicate that the normal 
diurnal variations in renal excretion of electrolytes 
are indeed greatly modified during cortisone ad- 
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ministration, but that the changes are probably 
not due to a direct influence of cortisone upon the 


renal excretory mechanism. 


MATERIALS AND METHODS 


The subjects were seven male patients, three with 
rheumatoid arthritis, and one each with asthmatic bron- 
chitis, allergic rhinitis, neurodermatitis, and benign pem- 
phigus. All were free from renal and cardiovascular 
disease. Each was studied during the administration of 
cortisone acetate (Cortone, Merck) at six- or 12-hour 
intervals beginning at 6 a.m. daily. The intramuscular 
route was employed in all except Z., the patient with 
pemphigus, who received 50 mg. orally every six hours. 
Subjects A., C., and D. received 100 mg. every 12 hours, 
while B., X., and Y. received 125 mg. every six hours. 
Control observations were made before and after the 
course of cortisone administration in three patients and 
after the course of therapy, but not before, in four. One 
of the subjects was also studied while receiving desoxy- 
corticosterone acetate, 10 mg. intramuscularly every six 
hours. Three of the patients received each day a diet of 
unrestricted salt content estimated to contain 130 to 250 
meq. of sodium; the others partook of a diet containing 
approximately 35 meq. of sodium, with or without a sup- 
plement of 43 meq. (as 0.45 per cent saline) at 6 a.m., 
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noon, 6 p.m. and midnight. Meals were taken at 7 a.m., 
noon, and 5 p.m., with free access to water at all times. 
The patients were ambulatory during the day and re- 
mained in bed from 10 p.m. to 6a.m. Occasional wakeful- 
ness at night was controlled by chloral hydrate in doses 
of 0.6 gm. or secobarbital sodium in doses of 0.1 gm. 
Except when otherwise noted, pooled specimens of voided 
urine were collected from 6 a.m. to 10 p.m. and from 10 
p.m. to 6 a.m. during each 24-hour period. 

In each of two experiments a subject was studied over 
periods of 48 to 54 hours, during which he remained at 
strict bed rest and ate identical meals! at 6 a.m., noon, 
6 p.m. and midnight. Fluid intake was constant (720 or 
960 ml.) during each six-hour period and 43 meq. of so- 
dium chloride were ingested at 7 a.m., 1 p.m., 7 p.m. and 
lam. Urine collections were made during consecutive 


1The meals consisted of milk and sandwiches which 
were made up by taking measured aliquots of single lows 
of bread, egg salad, cheese and jam. The feedings taken 
by subject Y. were calculated to contain 28 gm. protein, 
36 gm. fat, 72 gm. carbohydrate, 24 meq. sodium and 14 
meq. potassium per meal. The meals eaten by subject 
X. while he was receiving cortisone each contained 30 
gm. protein, 40 gm. fat, 72 gm. carbohydrate, 62 meq. so- 
dium and 17 meq. potassium. During his control study 
each meal contained 23 gm. protein, 25 gm. fat, 85 gm. 
carbohydrate, 53 meq. sodium and 14 meq. potassium. 


Relation of cortisone administration to the diurnal vartation of renal excretion in ambulatory aii nts 


| 


Mean renal excretion rates of 


Patient and c panera Collection period Water Creatinine | Na cl | 
diagnosis smclusive treatment days) (ml. /min.) (mg./ min.) Eq. min.) (u min.) (u min.) 
ad (mg. day) | 
| Day* | Night*} Day Night Day Night Day Night Dey Night 
At 200 | 38th—-40th 2.2 2.8 1.20 | 1.01 158 204 180 220 96 85 
Asthmatic | 
bronchitis None | +18th-19th 1.1 1.0 | 1.00 | 0.90 | 115 91 135 90 56 22 
Bt 500 | 10th-13th 7 31] 67] 34] 81] 73 
Rheum. atoid 
arthritis None + 1Sth-17th 1.2 0.7 1.07 | 0.99 40 16 56 21 74 48 
Ct | 200 | 24th-26th 25 | 34 | 145 | 1.17] 299 | 250 | 347 | 281 | 92 | 97 
Ne iro- 
None 1 Ith, 12th, 1Sth 1.0 12.33 1 420 1 215 90 | 245 85 64 23 
: D.t 200 . 1Sth 17th 5.0 4.7 | 1.16 | 1.07 91 177 92 | 151 62 71 
Allergic 
rhinitis None +7th-8th 1.8 4.0 1.47 1.35 265 312 299 283 142 119 
13th-16th 20 | 41 | 1.05 | 0.95} 69 | 195 | 112 | 200 | 66 | 106 
Rheumatoid 
arthritis None 4 21st 24th 2.6 1.5 1.01 | 0.86 | 144 41 155 53 89 37 
Y.§ None: | me 7th to - 4th 2.8 2.0 | 0.86 | 0.83 | 142 73 | 166 71 66 35 
Rheumatoid 500 10th 2.2 0 | 0.87 | 0.84} 107 | 128 | 150 | 179 | 85 | 98 
arthritis 500 14th 2.8 0.99 | 0.90 | 115 303 149 | 351 90 | 116 


* “Day” period, 6 a.m.-10 p.m.; “night”’ period, 10 p.m.-6 a.m. 


¢ Unrestricted salt intake. 


4 Low salt diet 
§ Low salt diet plus 43 meq. NaCl every six hours. 


(+) sign indicates days after disc ontinuing cortisone. 
(—) sign indicates days before instituting cortisone. 
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Relation of adrenocortical hormone administration to diurnal variation of renal excretion. Subject Z. Benign pemphigus 
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Renal excretory rates (mean + standard error) of Creat. 
clear. Weight 
Period Days 6 a.m.- (range) 
Water Sodium Chloride Potassium Creatinine noon 
P (wEg./ P (me./ min.) P (ml./ (Kg.) 
min.) min.) min.) min.) min.) 
I Low salt* 1-5) 2640.3) <.01] 10406) <.01) 1441.0] <.01) 5142.1 | <.01) 1.3840.04 | <.01 | 11144.8 [67.5 —68.0 
Nj] 1.340.1 6+0.8 9+0.7 30 +0.9 1.11 +0.04 
II Low salt 6-14 2840.2} <.01 741.0] <.01} 1141.0] <.02] 6943.7 <.01} 1.46 40.02 | <.01 | 111+42.2 | 67.5-68.8 
DCA Nj 1.5+0.1 420.4 8 +0.6 48+1.0 1.19 +0.03 
Ill Low salt 15-19 D} 2.54+0.2 <.01} 4443.8 <.05| 4343.5 <.02) 6442.6 <.01} 1.3940.03 | <.05 | 119+5.7 | 67.7-68.4 
Nj 1.5+40.1 28+4.2 25 +4.2 3941.8 1.21 +0.06 
Low salt 34-38 2.34+0.1}>0.1 1541.6) >.05) 17+1.8| >0.3 | | >0.3 | 1.42+40.03 | <.01 | 12344.5 | 66.4-606.8 
Cortisonet N| 2.0 +0.2 2142.1 20 +2.4 4244.7 1.20 +0.05 
VI Low salt 39-44 2.740.1 | >0.1 | 2041.5) >0.1 | 2141.7) >0.5 | 67412.2) >0.9 | 1.4540.07 | <.05 | 135 46.7 | 65.6-66.1 
Cortisone 2.42+0.1 28+4.4 2245.2 67 +8.7 1.22 4.0.06 
K supplementt 
VII Cortisone 47-59 D| 2.840.2 | >0.9 |11643.2] <.01)1134+3.3| <.01) 6442.4 | <0.1 | 1.4440.02 | <.01 | 12844.9 | 65.8-68.3 
NaCl§ and K N/| 2.8+0.1 154+7.3 167 +8.4 72+3.4 1.29 +0.04 
supplement 
Cortisone omit-|66-72 Dj} 2.8+0.2 <.01)12446.0} <.01) 13247.3 <.01) 7143.5 <.01} 1.56 4-0.04 | <.05 | 136 +8.0 | 68.2-609.0 
ted. NaCl and N] 1.7 40.2 68+6.1 68+5.5 4542.3 1.39 +0.04 
IX Low salt 76-83 Dj} 2. 40 +0.03 | <.01 | 1132.9 | 68.2-68.8 
K omitted 79th 1.30.1 1640.05 
day|| 


Data pertaining to Period IV are presented in Figure 4. 
I g I 


P—Probability of observed or greater difference between means of night and day values being found assuming hypo- 
thetical difference of zero (as determined by “‘t’’ test of group comparison). Bold type indicates that nocturnal excretion 


rate is not significantly lower than day rate. 
D—Day, 6 a.m.-midnight. 
N—Night, midnight—6 a.m. 


DCA—Desoxycorticosterone acetate in oil, 10 mg. intramuscularly every 6 hours, days 6 through 14. 


* Sodium content approximately 35 meq. 


¢ Cortisone acetate, 50 mg. orally every 6 hours, days 25 through 59. 


1500 ml. orange juice at 10 p.m., days 39 through 78. 


iE meq. sodium chloride every 6 hours, days 45 through 72. 
|| Excretion rates for K, days 76-78: 57 + 1.8 (day), 38 + 4.3 (night), P < .01; days 79-83: 62 + 1.5 (day), 35 + 1.1 


(night), P < .01. 


six-hour periods beginning at 6 a.m. on the first day of 
the regime. Samples of venous blood were taken at the 
beginning and end of each six-hour collection period. 

Concentrations of sodium and potassium in serum and 
urine were determined by means of an internal standard 
flame photometer. Chloride was determined by the modi- 
fied Volhard-Harvey titration (48). The method of 
Peters (49) was employed for the determinaticn of cre- 
atinine in urine; for serum, the Hare technique (50) was 
applied. Calculations of endogenous creatinine clearances 
were based either on the mean of serum concentrations at 
the beginning and end of each collection period, or on the 
concentration in a single sample taken at the approxi- 
mate mid-point of the period. 


RESULTS 


I, Observations in ambulatory patients 


Studies conducted before and after cortisone 
administration (subject Z.), prior to cortisone 
therapy (subject Y.), and 11 days or longer after 


discontinuing cortisone administration (subjects 
A., B., C., and X.), demonstrated a normal diur- 
nal pattern of renal excretion (Tables I and II). 
The rate of urine flow was uniformly less by night 
than by day. The rate of creatinine excretion 
was slightly depressed at night. Excretion rates 
of sodium, potassium, and chloride fell markedly 
at night. The study of subject D., conducted on 
the seventh and eighth days after cortisone ad- 
ministration had been discontinued, when endo- 
genous adrenocortical activity may well have been 
suppressed (45-47, 51), will be described below. 

All seven subjects displayed striking deviations 
from normal excretory patterns during cortisone 
administration. Urine flow at night became ap- 
proximately equal to the rate by day in subjects 
D. and Z. and exceeded the day rate in the others. 
A higher minute output of sodium and chloride 
by night than by day was observed in all subjects 
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TABLE III 


Diurnal variation of renal excretion in two subjects at bed rest taking identical food and fluids during consecutive 
six-hour periods 


Ist day 


2nd day 3rd day 


12 n.- 
6 p.m. 


6 p.m.- 


12 n.- 


6 p.m. 6 a.m.-9 a.m. 


Na pkq./min. 
Cl pEg./min. 
K pkeg./min. 
CR mg./min. 
Flow ml./min. 
Cer ml. /min. 


Control before 
cortisone 


Na wEq./min. 
Cl /min. 
K pkgq./min. 
CR mg./min. 
Flow ml./min. 
Cor ml./min. 


Cortisone 


Lith 13th day 


| Na wkq./min. 

Cl /min. 
K pkq./min. 
CR mg./min. 


Control 6 wks. 
alter Cortisone 


Flow ml./min. 
Cer ml./min. 


Na wEq./min. 
Cl 
K pEq./min. 
CR mg./min. 
Flow ml./min. 
Cer ml. /min. 


Cortisone 
23rd—24th day 


*6 a.m.-11:35 a.m. 
CR —Creatinine; Cor 


except C. whose nocturnal excretion rates, al- 
though markedly increased, remained below the 
rate by day. Nocturnal rates of potassium ex- 
cretion were approximately equal to the day rate 
in A., C., D., and Z. and exceeded the day rate 
in the others. No significant modification in the 
pattern of creatinine excretion was noted. 


II. Observations during continued recumbency 
with equally spaced identical meals 

Similar alterations in the diurnal excretory 
rhythm occurred when two of the subjects took 
identical food and fluid at six-hour intervals while 
at bed rest. During the control study before 
cortisone administration, Y. manifested a striking 
decrease in the excretion of sodium and chloride 
during the night periods (Table III, Figure 1). 
Potassium output characteristically increased ab- 
ruptly during the morning and fell during the 
afternoon and evening, as well as at night. These 
variations were unassociated with alterations in 


Endogenous creatinine clearance. 


While corti- 
sone was being given, a remarkably constant 
rate of potassium excretion was maintained dur- 
ing nine consecutive periods. The excretion of 
sodium and chloride exhibited no regular diurnal 
rhythm, although a distinct rise took place on the 
morning of the second day and the still higher 
excretion rates during the period from 6 p.m. to 
midnight on this day were followed by a decline 
during the subsequent period from midnight to 
6a.m. Urine flow rose during each night period, 
while creatinine excretion showed no_ notable 
alteration. 


creatinine excretion or clearance. 


During the control study of X., potassium ex- 
cretion was highest during the morning periods, 
but while cortisone was being given, a compara- 
tively constant excretion rate was maintained un- 
til the second night period (Table III). The un- 
usually small creatinine output recorded for this 
period suggests that the bladder was incompletely 
emptied. Creatinine excretion otherwise re- 
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a.m.- | 12 m.- 
| 106 156 154 77 «4125 172 92 | 123 
eae 121 148 135 91 239 124 146 95 151 
~ po 37 33 18 12 36 16 17 12 22 
| 0.96} 088] 085| 087] 0.96] 078] 0.79] 0.75] 082 
a 1.2 1.6 2.2 1.2 1.4 1.8 1.8 1.5 0.9 
ae | 110 111 114 119 137 115 113 109 121 
\ 24 18 30 37 54 43 85 70 54 
af 43 34 57 66 93 80 148 116 80 
a Fe 45 32 42 43 46 39 46 41 42 
0.87] 0.67 0.65} 0.72] 0.83] 0.74] 0.80] 0.76 0.84 
SS | 0.7 0.5 0.9 1.2 0.9 1.1 1.2 1.8 0.7 
a 148 116 112 126 154 145 160 149 165 
v 167 144 95 94 300 173 117 84 267* \ 
oe 233 160 89 94 377 192 102 96 202" 
a 98 46 32 28 72 34 29 27 55° : 
a 0.95 0.92 0.93 0.88 0.92 0.93 0.89 0.89 0:77" ; 
a 2.7 1.9 1.0 15 3.5 22 1.4 1.3 3.5* 
a 172 167 169 162 170 169 154 162 140* 
a 92 159 155 115 156 245 316 163 
—_ 97 158 200 150 184 298 343 201 : 
og 55 63 73 63 62 78 87 59 
aa | 0.93 0.92 0.92 0.90 0.97 0.95 0.91 0.80 
1.5 1.8 1.9 1.7 1.8 2.4 ay 
> 4 | 158 174 174 177 210 225 217 178 
: 


mained quite constant during both the experi- 
mental and control observations. Urine flow de- 
clined markedly at night during the control period, 
but not during cortisone administration. The 
excretion of sodium and chloride decreased dur- 
ing the periods from 6 p.m. to midnight in the 
control study but not when cortisone was given. 
However, lowering of the excretion rates between 
midnight and 6 a.m. occurred whether or not cor- 
tisone was being administered. 


III, Serial daily observations before, during, and 
after cortisone administration 


Additional data concerning the temporal rela- 
tionship of cortisone therapy to the observed 
changes in renal excretory function were ob- 
tained for Y. during eight consecutive days prior 
to cortisone administration, during the next 14 
days while he received cortisone, and during the 
following 18 days after cortisone was discontinued 
(Figure 2). When cortisone administration was 
begun, he excreted little sodium and gained 
weight. Despite continued administration of the 
agent, sodium excretion subsequently increased 
and weight gain ceased. 

The changes observed in diurnal excretory 
rhythm were as follows. The diurnal variation of 
sodium excretion was altered rapidly; the noc- 
turnal rate approximately equalled or actually ex- 
ceeded the rate of the antecedent daytime period 
during and after the 11th day of observation 
(third day of treatment). This abolition or re- 
versal of the normal diurnal rhythm persisted un- 
til the 32nd day (tenth day after cortisone was 
discontinued) and a consistently normal rhythm 
was re-established during the 38th through 40th 
days (16th-18th days after therapy). Changes 
in chloride excretion are not shown in the figure 
since they paralleled sodium very closely. The 
diurnal rhythm of water excretion was eliminated 
from the tenth through the 38th day. The period 
during which the diurnal rhythm of sodium out- 
put was abnormal (11th-3lst days, inclusive) 
coincided very closely with the time during which 
body weight was increased, presumably owing to 
retention of sodium chloride and water. Endoge- 
nous creatinine clearance was consistently ele- 
vated during most of this period. The marked 
diurnal variation in potassium excretion, evident 
during the eight-day pre-treatment control pe- 
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CORTISONE CORTISONE 


POTASSIUM 


6121624 6 12162669 6 1216246 121824 69 
TIME OF COLLECTION PERIODS 
Fic. 1. Supyecr Y. Diurnat Excretory Pattern 
BeEForE AND DuriInG CorTIsoNE ADMINISTRATION WHEN 
IDENTICAL Foop AND FLurIp WERE TAKEN Every Six 
Hours anp RECUMBENT PosturRE MAINTAINED THROUGH- 
OUT 


riod (except on the third day), was strikingly 
diminished on the ninth and tenth days (first two 
days of treatment), and was eliminated or re- 
versed from the llth through the 24th day 
(third day of treatment through the second day 
after treatment). From the 25th through the 
33rd day, the pattern varied until a consistently 
normal rhythm had been restored by the 34th day 
of observation (12th post-treatment day). Con- 
centrations of serum electrolyte were measured at 
intervals of approximately one week. During 
the two weeks of treatment, serum sodium rose 
from 141 to 147 meq. per liter while potassium 
fell from 4.7 to 3.2 meq. per liter. During this 
period, the hematocrit fell from 38 to 34 per cent 
and hemoglobin from 11.3 to 9.8 gm. per 100 ml. 
No further change occurred during the first four 
days after cortisone was discontinued but after 
two more weeks all values approximated the 
initial levels. 

In X., who was studied the day before institut- 
ing therapy, during 24 days of treatment and for 
24 days after treatment ended, similar changes 
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Open circles represent day values. 
for sodium and potassium excretion rates. 


Solid circles, night values. 
During periods marked “R” identical food and 


Logarithmic ordinate scale 


fluid were taken every six hours and recumbent posture was maintained. 


occurred, but the temporal relationships were 
somewhat different (Figure 3). Sodium reten- 
tion was less marked than in Y., and weight gain 
less rapid. Moreover X., who was treated for 
ten days longer than Y., continued to excrete 
large amounts of sodium after the first two weeks 
and lost 4 kilograms of weight during the last 
six days of therapy. A normal diurnal rhythm 
of sodium excretion was maintained during the 
Re- 
versal occurred abruptly on the 13th day (12th 
day of treatment) and persisted through the 33rd 
day (eighth post-treatment day). After three days 
during which excretory rates by day and night 


first ten days of cortisone administration. 


were approximately equal, a small decrease in 
nocturnal excretion occurred on the 37th day 


(12th post-treatment day) and a marked noc- 
turnal fall occurred regularly thereafter. Chlo- 
ride excretion throughout the study was similar 
to that of sodium and the alterations in the rhythm 
of water excretion coincided with these also. 
However, the period of altered excretory rhythm 
for sodium and chloride did not coincide with in- 
creased body weight as in the case of Y. Weight 
had increased by almost 6 kilograms during the 
first ten days of treatment without change in the 
It is noteworthy that 
the patient remained at bed rest during this time 


normal excretory rhythm. 


and did not become ambulatory until the 13th 
day, after the rhythm had reversed. The return 
to a normal rhythm after treatment did coincide 
with the final stabilization of body weight. Al- 
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though creatinine clearance was not measured be- 
fore treatment, the available observations suggest 
that an increase to levels above the normal had 
occurred by the fourth day of treatment. A grad- 
ual decline to normal levels was observed after 
cortisone was discontinued. The normal rhythm 
of potassium excretion was eliminated on the 
fourth day (third day of treatment) and became 
reversed on the 13th day, remaining so through 
the 33rd day (eighth day after treatment was dis- 
continued). During the next four days the ex- 
cretion rates by day and by night were approxi- 
mately equal; a variable relationship obtained for 
the eight days following, after which a consistently 
normal pattern was observed. 

The studies on Z. (Table II, Figure 4) were 
begun while he was taking a diet poor in sodium 
without the salt supplement received by X. and 
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Y. Following a control period of five days, he 
was given desoxycorticosterone acetate in oil, 10 
mg. intramuscularly every six hours, for nine 
days. During this time a normal diurnal rhythm 
persisted (periods I and II, Table 11). Increased 
potassium excretion during DCA administration 
and increased excretion of sodium and chloride 
when DCA was discontinued (period III, Table 
II) were unassociated with any change in the 
diurnal excretory pattern. Weight changes were 
minimal during these first three periods as well 
as after cortisone administration was begun on 
the 25th day of observation in oral doses of 50 
mg. every six hours. The nocturnal decrease in 
sodium excretion which was regularly apparent 
before cortisone was given and during the first 
three days of cortisone therapy was absent or in- 
significant after the ninth treatment day (Figure 
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sodium intake approximately 35 meq. 


entire study (Table II). 


4). Nocturnal excretion of chloride increased at 
the same time, while the nocturnal urine flow rose 
to approximate the day rate 48 hours later. 
Thereafter, the diurnal rhythm for sodium and 
chloride was eliminated while salt intake remained 
low, and reversed when a supplement of sodium 
chloride was given (periods V-VII, Table IT). 
Return to a normal excretory rhythm for sodium, 
chloride, and water took place by the 66th day, 
within a week of discontinuing the hormone (pe- 
riod VIII, Table I1). The rhythm of potassium 
excretion was altered less promptly than in X. 


and Y. The nocturnal decline in excretory rate 


Excretory RHYTHM oF 


12 16 
DAYS 


20 


Pertop IV. Serrat Darty OBSERVATIONS OF D1- 


BEFORE AND DurING CorTISONE 


Solid circles, night values. Dietary 
Day 1 corresponds to 22nd day of 


was either very small or absent after the 35th day 


of observation (11th day of therapy). The noc- 
turnal excretory rate regularly equalled or ex- 
ceeded the day rate after a nocturnal potassium 
supplement was added to the diet on the 39th day 
(period VIII, Table II). Despite continued ad- 
ministration of this nocturnal supplement, normal 
diurnal rhythmicity returned a week after treat- 
ment was discontinued and was uninfluenced by 
change in sodium intake (periods VIII and IX, 
Table II). Change in endogenous creatinine 
clearance was far less than in X. or Y. Some 
increase was observed during the first two weeks 
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on cortisone (Figure 4), but it is to be noted that 
the clearance was highest during period VIII, 
when cortisone had been discontinued and a nor- 
mal diurnal rhythm had reappeared. 

An abnormal excretory pattern after cessation 
of cortisone administration was observed in D. 
on his seventh and eighth post-treatment days 
(Table 1). At this time his nocturnal rate of 
sodium excretion was somewhat higher than the 
rate by day and the nocturnal excretion of chlo- 
ride almost equalled that by day. However, po- 
tassium excretion was distinctly less by night 
than by day, although the rate throughout the 48- 
hour period was remarkably high, presumably be- 
cause the patient was eating voraciously at the 
time. 


DISCUSSION 


The normal diurnal rhythm of renal excretory 
function can be demonstrated under a variety of 
experimental conditions and is not consistently 
altered by reversing or otherwise modifying the 
pattern of sleep and activity by day and by night 
(18, 19, 25, 30, 52-54). The observation that 
when cortisone was administered the normal 
rhythmic excretory pattern was virtually abolished 
or actually reversed in each of the seven subjects 
indicates that this agent exerts an important ac- 
tion upon the mechanism responsible for the nor- 
mal rhythm. 

That the posture of the subject continued to 
exert an important influence during cortisone ad- 
ministration is demonstrated by the fact that the 
two subjects who remained recumbent through- 
out a 48-hour period during therapy failed to ex- 
hibit a reversal of the excretory rhythms for so- 
dium and chloride, although the normal nocturnal 
suppression of excretion was decreased or elimi- 
nated. However, when these two subjects were 
ambulatory by day actual reversal of rhythm oc- 
curred, as it also did in four of the other five sub- 
jects who remained recumbent only during the 
night. In the normal individual, not receiving 
cortisone, assumption of the recumbent posture 
during the day characteristically evokes a diuresis 
of water, sodium, and chloride (4, 5, 15, 21, 30, 
31, 55-69). <A similar diuresis would be ex- 
pected to occur during nocturnal recumbency if 
the factors which maintain the normal diurnal 
rhythm were not operative. Modification of these 
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factors by cortisone administration appears to 
permit recumbency to evoke at night the renal 
response that it normally induces only during 
the day. 

There was no clear influence of posture on the 
change in the diurnal rhythm of potassium excre- 
tion which was eliminated or reversed in all seven 
subjects. Other observations concerning the renal 
excretion of potassium (30, 69, 70) suggest that 
the influence of posture is unimportant. 

Although an increase in the rate of endogenous 
creatinine clearance occurred during therapy 
(71), the absence of significant alterations in the 
normal small diurnal variation in its clearance 
rate argues against the possibility that altered 
patterns of water and electrolyte excretion were 
related to changes in the diurnal rhythm of glo- 
merular filtration. Moreover the elevation of 
clearance could hardly explain the disturbance of 
diurnal rhythm. In subject Y. the pattern of 
potassium excretion was altered before creatinine 
clearance rose. In X. creatinine clearance was not 
measured before cortisone was given. The 
clearance determined on the fifth day of cortisone 
administration was strikingly elevated (230 ml./ 
min.), but reversal of the diurnal rhythm for so- 
dium and chloride did not occur until the 12th 
day of treatment. In Z. changes in the magnitude 
of clearance were small and apparently unrelated 
to change in diurnal rhythm. The validity of 
endogenous creatinine clearance as a measure of 
glomerular filtration rate in subjects receiving 
ACTH or cortisone is open to question (72), but 
the dissociation of the changes observed in the 
magnitude of creatinine clearance on the one hand, 
and the pattern of electrolyte excretion on the 
other, suggests that they are not directly inter- 
dependent. 

Alterations in the patterns of excretion of so- 
dium and of chloride were apparent both when 
the diet was poor in sodium and when the dietary 
salt intake was liberal. Conceivably, reversal 
of the excretory rhythm for sodium and chloride 
by cortisone might be related to concomitant or 
antecedent cumulative retention of these ions, 

since a similar reversal is observed when they are 
retained in patients with congestive heart failure 
(30, 33, 73, 74) or cirrhosis of the liver (29, 30, 
33). In the studies of Y. the period during which 
reversal of diurnal rhythm was apparent coin- 
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cided quite closely with the period of sodium re- 
tention. The studies of Z., however, demon- 
strate that s J! an association is not a necessary 
one, since reversal of rhythm took place while he 
received a salt-poor diet without gain in weight 
or decrease in sodium excretion. 

The temporal relationships of the alterations in 
excretory rhythm of sodium and chloride to the 
administration of cortisone, as defined the 
studies of X., Y. and Z., afford strong evidence 
that the changes cannot be attributed to an im- 
mediate direct influence of cortisone upon renal 
excretory function. Subjects X. and Z. 
tinued to manifest a normal diurnal pattern for 
more than a week after they had been receiving 
cortisone in daily doses of 500 mg. [ven on the 
23rd and 24th days of treatment, X. exhibited a 
nocturnal fall in excretion rates of sodium and 
In another 


con- 


chloride during constant recumbency. 
subject (C., Table 1), the nocturnal excretion of 
sodium and chloride remained below the rates 
by day after more than three weeks of cortisone 
administration. Persistence of abnormalities in 
the rhythm of sodium and chloride excretion for 
seven to 16 days after cortisone had been discon- 
tinued provides additional evidence that altera- 
tion in rhythm is not dependent upon the pres- 
ence of large amounts of cortisone in the organ- 
ism; indeed, during this post-treatment period 
a deficient supply of adrenocortical hormones is 
often evident (45-47, 51). 

The temporal relationship of change in the pat- 
tern of potassium excretion to administration of 
cortisone was somewhat more suggestive of a 
direct influence upon the renal excretory rhythm 
in subject Y. whose nocturnal excretion rates ap- 
proached the day rates on the first two days of 
treatment and thereafter equalled or exceeded the 
In X. the normal rhythm was also 


How- 


rates by day. 
eliminated on the third day of treatment. 
ever, Z. maintained a normal rhythm during the 
first ten days of cortisone administration and all 
three subjects manifested an abnormal excretory 
rhythm for at least a week after cortisone had 
been discontinued. 

These temporal dissociations between corti- 
sone administration and alteration in diurnal 
rhythm do not support the hypothesis that the 


normally occurring rhythm is determined by a 
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diurnal rhythm of endogenous adrenocortical 
secretory function.*? Other considerations also 
argue against this hypothesis. First, increased 
endogenous production of adrenocortical hormone 
due to increased liberation of ACTH during the 
morning might be expected to induce a decrease 
in excretion of sodium and chloride rather than 
the increase normally found. Stanbury and 
Thomson were able to produce a nocturnal in- 
crease of potassium excretion by giving a single 
dose of ACTH at night, but the excretory rhythm 
for sodium was unchanged (32). Second, al- 
though the adrenalectomized rat maintained on 
tap water fails to manifest the nocturnal rise of 
sodium excretion characteristic of intact members 
of this species, when saline is given, the excre- 
tory pattern of sodium is normal (42). Third, 
the data of Levy, Power, and Kepler (43) indi- 
cate that in untreated patients with Addison’s 
disease the excretion of chloride and sodium in- 
creases slightly in the morning and that this 
matutinal increase attains normal magnitude dur- 
ing treatment with adrenal cortical extract or 
desoxycorticosterone acetate. The observations 
of Borst and de Vries (30) and of Slessor (44) 
afford additional evidence that patients with Ad- 
dison’s disease excrete less sodium and chloride 
at night than by day. Finally, a patient with Ad- 
dison’s disease has been studied while maintained 
on desoxyeorticosterone acetate (1.25 mg. intra- 
muscularly at 6 a.m, and 6 p.m.) and cortisone 
(6.25 mg. orally at 6 am. and 6 p.m.) (85). 
When he remained at bed rest and took identical 
food and fluid every six hours day and night, the 


2 The existence of such an adrenocortical rhythm in 
man is suggested by observations that the renal excretion 
of 17-ketosteroids (75-79), neutral reducing lipids (78), 
and uric acid (8, 36, 37) ‘s less at night than during the 
day, as well as by the fact that the numbers of circulating 


lymphocytes (80) and eosinophils (81-83) increase at 
night. It is recognized that the diurnal excretory rhythm 
of 17-ketosteroids and neutral reducing lipid could occur 
even with a constant rate of endogenous secretion of 
adrenocortical hormones if there were appropriate varia- 
tions either in the rate at which conversion of these pre- 
cursors to their excretion products took place or in the 
renal clearance of the excretion products (79). However, 
preliminary observations indicate that when large amounts 
of a precursor (testosterone propionate) are supplied 
exogenously at 12-hour intervals to normal subjects, the 
additional excretion of 17-ketosteroids is not significantly 
greater during the day than at night (84). 
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diurnal excretory pattern for water, sodium, 
chloride and potassium was essentially normal. 

The above evidence permits the conclusion that 
the diurnal rhythm of excretion of sodium and 
chloride is not directly dependent upon endoge- 
nous adrenal activity, even though adrenocortical 
hormones may exert profound indirect influences. 
Nor is it probable that the normal excretory rhythm 
for potassium is determined by a diurnal adreno- 
cortical rhythm. The temporal dissociation be- 
tween cortisone administration and change in 
excretory rhythm, although less striking than in 
the case of sodium, is hardly consistent with the 
belief that the large diurnal changes in excretion 
of potassium which normally take place over a 
very few hours could be induced by change in 
endogenous production of cortisone-like steroid. 
Moreover, although in Z. the administration of 
desoxycorticosterone acetate at six-hour intervals 
evoked a large increase in potassium excretion, 
the nocturnal rates remained well below those of 
the day. The patient with Addison's disease 
studied by us exhibited a normal pattern of potas- 
sium excretion when he remained recumbent 
throughout a 72-hour period. Borst’s and de 
Vries’ patient exhibited a similar normal rhythm, 
although the magnitude of variation was less than 
that of a single control subject maintained under 
similar conditions (30). Matutinal increase in 
potassium excretion was absent in the untreated 
patients with Addison’s disease reported by Levy, 
Power, and Kepler, but in treated patients an in- 
crease took place, although this was less than in 
normal subjects (43). 

It would appear, therefore, that the diurnal 
rhythm of renal excretory function is altered by 
cortisone in some indirect manner. Since hy- 
pokalemic alkalosis may occur during its adminis- 
tration, serial determination of serum bicarbonate 
in the patients studied would have been of in- 
terest, particularly in view of Stanbury’s and 
Thomson’s suggestion that the excretory rhythm 
may be linked with cyclic changes in acid-base 
equilibrium (32). Alterations in the total daily 
excretion of water and solutes such as urea and 
phosphate related to increased food intake and 
protein catabolism during cortisone administra- 
tion might induce changes in the diurnal excre- 
tory pattern. Further observations are required, 


but the persistence of abnormalities in the diurnal 
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rhythm after cortisone withdrawal would make it 
difficult t 
effects. 


» relate the changes to such metabolic 


The possibility that a secondary effect 
on the 
considered, since there is some evidence that the 


adenohypophysis is involved might be 


anterior pituitary plays a role in other diurnal 
rhythms (41), and that the excretory rhythm for 
chloride may be abnormal in patients with panhy- 
popituitarism (44). Mills has suggested that 
rhythmic activity of the hypothalamus may be re- 
sponsible for diurnal variation in urine flow (53). 
Since cortisone may have pronounced cerebral 
effects (45, 46), including disturbance of normal 
sleep patterns, and since the central nervous sys- 
tem appears to have important influences on the 
excretion of electrolyte as well as of water (86- 
92), it is possible that its neurological action may 
be involved in producing the changes we have 


observed. 
SUMMARY AND CONCLUSIONS 


1. The influence of cortisone administered in 
divided daily doses of 200 or 500 mg. upon the 
diurnal variation in renal excretion of water, so- 
dium, potassium, chloride, and creatinine has been 
studied in seven patients free from renal or 
cardiovascular disease. One of these patients was 
also observed during the administration of de- 
soxycorticosterone acetate in divided daily doses 
of 40 mg. 

2. The diurnal excretory rhythm was not al- 
tered during administration of desoxycorticos- 
terone. 

3. During cortisone therapy when the subjects 
were ambulatory, the normal diurnal rhythm of 
renal water excretion was reversed in five of the 
seven patients and virtually eliminated in the 
others. The excretory rhythm of sodium and 
chloride was reversed in six patients. The nor- 
mal rhythm of potassium excretion was eliminated 
in all seven and reversed in three of these. No 
significant change occurred in the pattern of 
creatinine excretion. 

4. In two subjects at bed rest who ate identical 
meals every six hours, the diurnal excretory 
rhythm for potassium was eliminated in both, but 
one continued to manifest nocturnal suppression 
of sodium and chloride excretion. 

5. The temporal sequence of the changes was 
studied in three of the subjects before, during, 
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and after the course of cortisone administration. 
The observations seem most consistent with the 
belief that the changes in excretory rhythm are 
not the result of a direct action of cortisone upon 
the renal excretory mechanism. 

6. The normal diurnal rhythm of renal excre- 
tion does not appear to depend upon rhythmic 
changes in endogenous adrenocortical secretion, 
although the demonstration that striking changes 
occur when large amounts of exogenous adrenal 
steroid are that endogenous 


given suggests 


adrenal hormone may also exert important modi- 


fying influences. 
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STUDIES ON A PROTEOLYTIC ENZYME IN HUMAN PLASMA. VII. A FATAL 
HEMORRHAGIC STATE ASSOCIATED WITH EXCESSIVE PLASMA PRO- 


TEOLYTIC ACTIVITY IN A PATIENT UNDERGOING SURGERY 


Human plasma contains a proteolytic enzyme 
systan which can digest fibrinogen and_ fibrin. 
This enzyme system appears to be in an inactive 
form in the circulating plasma, but its presence 
can be demonstrated in a number of ways in shed 
blood. This im vitro proteolytic activity seems 
to be influenced by the physiologic state of the 
Ab- 
normally rapid fibrinolysis has been observed in 


subject from whom the blood is obtained. 


blood drawn from patients with a wide variety of 
diseases (1-3). Rapid fibrinolysis has also been 
seen in the blood of patients undergoing electric 
shock therapy (4), and in patients with shock as 
the result of burns or hemorrhage (5). 

The possibility that a hemorrhagic state may re- 
sult from the destruction of prothrombin or fibrin- 
ogen by the plasma proteolytic enzyme has been 
postulated repeatedly (5-7). A number of pa- 
tients have been described in whom a hemor- 
rhagic state was associated with excessive plasma 
fibrinolytic activity (5, 8, 9). These patients 
were thought to have little or no fibrinogen in 
their circulating plasma. 

Additional evidence that hemorrhage may be 
associated with activity of the proteolytic enzyme 
of plasma has been provided by the study of a pa- 
tient with carcinoma of the head of the pancreas. 
During the second stage of a pancreatectomy, un- 
controllable hemorrhage occurred from multiple 
sites. The patient’s blood, obtained two and a 
half hours before death, contained appreciable 
amounts of prothrombin and fibrinogen. How- 
ever, the patient’s whole blood failed to clot in 
glass tubes at 37° C. A circulating anticoagulant 
was not demonstrable, but her plasma appeared 


1 This study was supported by a grant from The Cleve- 
land Area Heart Society. 

2 Present address: University Hospitals, Cleveland, 
Ohio. 
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to have extreme fibrinogenolytic and fibrinolytic 
properties. It was concluded that the patient’s 
blood failed to clot because the fibiinogen it con- 
tained was destroyed before any detectable quan- 
tity of fibrin formed. 


CASE REPORT 

N. J. (Mt. S. No. 7640), a 42 year old colored woman, 
was hospitalized on July 27, 1951 because of right up- 
per abdominal pain and soreness for the preceding week. 
She had always bruised easily, had twice bled profusely 
after dental extractions, and had had one severe epistaxis. 
The patient had rectal bleeding, first noted in 1948, as- 
sociated with external and internal hemorrhoids. <A 
barium enema and sigmoidoscopy 
mality. 

In April, 1950, her bleeding time was one minute, clot- 
ting time was three minutes (capillary tube method), pro- 
thrombin time was 14.8 seconds, the platelet count was 
146,300 and clot retraction was observed in 45 minutes. 
These values were normal for the techniques then in use. 

The remainder of the patient’s past history was not 
A thyroid adenoma was observed in August, 

There was 
Her 10 preg- 
There 


revealed no abnor- 


unusual. 
1950; the basal metabolic rate was plus two. 
no history of menorrhagia or metrorrhagia. 
nancies were without hemorrhagic complications. 
was no family history of hemorrhagic disease. 

For the five weeks before her hospitalization, the pa- 
tient had intermittent right upper quadrant pain and 
tenderness, excessive eructation, and anorexia. She was 
treated during this period with a low fat diet and lost 
about 13 pounds. During the week before admission, she 
had nausea, “heart burn” and transient diarrhea. Four 
days before admission her urine was dark and her stools 
white. Her last menses began 10 days before hospitaliza- 
tion and lasted seven days, an excessively long time for 
the patient. 

At the time of admission, the patient did not appear 
to be ill. The sclerae were icteric and the edge of the 
liver was palpated about 5 cm. below the costal margin; 
two observers thought the tip of the spleen was palpable. 
The urine was brown and contained bile pigments; a two 
hour specimen had from 0.2 to 0.7 Ehrlich units of uro- 
bilinogen. The red blood cell count was 4.27 million, the 
hemoglobin was 12.5 grams (Sahli), and the hematocrit, 
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41 per cent. The white blood cell count was 10,350; the 
differential count was unremarkable and platelets were 
plentiful in the smear. The stools were clay colored and 
tests for stercobilin and stercobilinogen were negative. 
The serologic test for syphilis was negative. The con- 
centration of bilirubin in the serum was 9.0 mg., albumin, 
4.9 grams, globulin, 3.1 grams, non-protein nitrogen, 25 
total cholesterol, 187 mg., esterified cholesterol, 78 
The cephalin cho- 


mg., 
mg., and sugar, 114 mg. per 100 ml 
lesterol flocculation test was four plus and the thymol 
turbidity was 1.7 Maclagan units. The serum alkaline 
phosphatase activity was 16.9 Bodansky units and gradu- 
ally increased during the next two weeks to 30.6 units. 
The prothrombin time was 17.9 seconds; the control 
time was 15.7 seconds. On August 17, the plasma fibrino- 
gen concentration was 555 mg. per 100 ml., an abnormally 
X-rays of the chest, stomach and upper 
showed no abnormalities. The gall bladder 
visualized on two occasions by oral 


high value. 
intestine 
could not be 
cholecystography. 

On August 20, 1951, an exploratory laparotomy re- 
vealed chronic pancreatitis and an adenocarcinoma of 
the pancreas invading the first portion of the duodenum. 
The distal one-fourth of the stomach was removed, a 
gastroenterostomy and cholecystojejunostomy were per- 
formed, and a T-tube was placed in the common duct. 
During the operation, almost continuous oozing of blood 
Nine days 
post-operatively, cholangiograms fusiform 
narrowing of the common duct distal to the T-tube. 

On September 13, the clotting time was 21 minutes, a 
normal value, and the prothrombin time was 20.1 sec- 


was noted from the exposed serosal surfaces. 
revealed 


onds, compared with a normal of 16.8 seconds. 

second was performed September 
After seconal, demerol, and 
polamine, induced with pentothal 
The the 
vious incision was excised, and the incision was extended 
to a row of interrupted wire sutures inserted at the pre- 
These wires were removed without ex- 
A transfusion of citrated bank blood 


14. 


sco- 


operation 
with 
was 


premedication 
anesthesia and 


maintained with cyclopropane. scar of pre- 


vious operation. 
cessive bleeding. 
was begun at this time, 15 minutes after the start of the 
The abdominal cavity was then entered pre- 
Forty-five minutes after 
the beginning of the operation, while the surgeon was 
freeing adherent loops of intestine to reach the pancreas, 
the patient’s blood pressure suddenly fell from 130/80 to 
The pulse rate was 95 per minute 


operation. 
paratory to a pancreatectomy. 


80/50 mm. of mercury. 
and the skin was warm and dry. Blood began to ooze 
from the omental and serosal surfaces, but a discrete 
The hemorrhage grew 


uncontrollable. 


bleeding point could not Ye found. 

progressively and 
The blood pressure gradually fell, and the patient ex- 
At the 
time of death, approximately 5 liters of unclotted blood 
The patient had 


more profuse, was 


pired five hours after the operation had begun. 


had collected in the peritoneal cavity. 
hematomas at the sites of venous and arterial punctures, 
and blood flowed from a Levine tube inserted into the 


stomach. Among the unsuccessful measures used to con- 
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trol the patient’s hemorrhages were the transfusion of 
4,000 ml. of citrated bank blood, and the intravenous in- 
jection of 10 ml. of a 10 per cent solution of calcium glu- 
conate and 5 ml. of a one per cent solution of protamine 
sulfate. 

The patient's blood was Group O Rh, Rh,. The blood 
of each of the eight blood donors was also Group O, Rh 
positive. No incompatibility was demonstrable between 
the patient’s serum and any of the donors’ cells, or vice 
versa, The cross-matchings were rechecked post mortem 
by both slide and tube methods, using both saline and 30 
per cent bovine albumin as diluents. The donors were re- 
typed, and their bloods were again compatible with the 


patient's. The patient's urine, obtained post mortem, was 


negative for hemoglobin when tested with orthotolidene 


and benzidene. Her plasma, about 120 minutes after the 
initial fall of blood pressure, contained 18 mg. of hemo- 
globin per 100 ml. 

The initial donor’s blood contained agglutinins in a 
titer of 1: 16 against trypsin-treated normal Group O, Rh 
positive and Rh negative red blood cells, and the patient's 
trypsin-treated red cells. One week later, a fresh speci- 
men of this donor’s blood contained agglutinins against 
trypsin-treated red cells in a titer of 1:4. The direct and 
indirect Coombs tests of the patient’s blood and each of 
the donors’ bloods were negative. 

At the operation, the diagnosis of adenocarcinoma of 
the pancreas was confirmed by biopsy. The tumor cells 
had invaded both lymphatic and venous channels. A 
specimen of liver was smooth, glistening and yellowish- 
green. Histologically, there was early biliary cirrhosis. 
Permission for autospy was not obtained. 


METHODS 


Three hours after the induction of anesthesia, two hours 
after bleeding was first noted, blood was drawn from the 
right jugular vein through a No. 18 gauge needle, using 
silicone-treated equipment. At this time, the patient had 
already received approximately 3,000 ml. of citrated blood. 
A portion of the blood drawn was used to measure the 
whole blood clotting time. Another portion was trans- 
ferred to silicone-lined lusteroid tubes and the cells were 
removed by high speed centrifugation at low temperatures 
(10, 11). This platelet-deficient native plasma con- 
tained one platelet per mm’. Still another portion of 
blood was decalcified by mixing one part of 0.1 M. 
sodium oxalate with nine parts of whole blood, centri- 
fuged, and the supernatant plasma used in all tests re- 
quiring oxalated plasma except the determination of 
fibrinogen. A fourth portion was mixed with dry oxalate 
salts in a proportion of 5 ml. of whole blood to 6 mg. of 
ammonium oxalate and 4 mg. of potassium oxalate. This 
oxalated plasma was used to measure plasma fibrinogen. 

Determination of clotting time. One ml. of blood was 
transferred immediately to each of three dry pyrex tubes 
(internal diameter, 11 mm.) which were stoppered and 
incubated at 37° C. Starting five minutes after the blood 
was drawn, the first tube was observed for clotting by 
tilting it about once a minute. Sixty, 120, and 180 min- 
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utes after the blood was drawn, the second and third tubes 
were also tilted. Thereafter, the third tube was examined 
frequently for 24 hours. The clotting time of platelet-de- 
ficient plasma was determined in the same way in dupli- 
cate. After the contents of the first tube had clotted, the 
second was tilted about once a minute for an additional 
90 minutes. 

Determination of prothrombin time. The prothrombin 
time was determined in duplicate at 37° C. by mixing 0.1 
ml. of oxalated plasma and 0.2 ml. of equal parts of 
thromboplastin (Chilcott) and 0.025 M. calcium chloride, 
in pyrex tubes (internal diameter, 8 mm.). 

Determination of fibrinogen content of plasma. The 
fibrinogen content of plasma was determined by a pre- 
viously described method (12). 

Preparation of fibrinogen solution. Desiccated bovine 
fibrinogen 2 was dissolved in barbital buffer (0.125 M. 
sodium chloride and 0.025 M. barbital at pH 7.5), and 
the undissolved small residue was removed by filtration 
through No. 1 Whatman filter paper. In each experi- 
ment, then, the concentration of fibrinogen was something 
less than the recorded concentration. 

Determination of fibrinolytic activity of plasma, Oxa- 
lated plasma was diluted serially with barbital buffer. 
Three-tenths ml. of diluted plasma was mixed with 0.3 ml. 
of a solution of bovine fibrinogen (330 mg. per 100 ml.) 
in pyrex tubes (internal diameter, 8 mm.). This mixture 
was then clotted with 0.1 ml. of a solution of bovine throm- 
bin 8 (10 N.I.H. units per ml.). The tubes were stoppered, 
incubated at 37° C., and observed for lysis. 

Determination of inhibitory activity of plasma against 
plasma proteolytic enzyme. The inhibitory activity of 
plasma against the plasma proteolytic enzyme was tested 
against purified bovine plasma proteolytic enzyme.4 The 
enzyme was dissolved in buffer and standardized in the 
following manner: The enzyme solution was serially di- 
luted with buffer, 0.3 ml. of each dilution was pipetted 
into pyrex tubes (internal diameter, 8 mm.) and mixed 
with 0.3 ml. of buffer and 0.1 ml. of a solution of thrombin 
(10 N.I.H. units per ml.). The tubes were placed in an 
ice bath, and 0.3 ml. of fibrinogen solution (330 mg. per 
100 ml.) was added. The mixtures were then transferred 
to a water bath at 37° C., and the clots which formed were 
observed for lysis. The concentration of bovine plasma 
proteolytic enzyme which completely lysed this standard 
fibrin clot in 10 minutes was 2.5 units per ml. 

The patient's oxalated plasma was serially diluted with 
buffer, and 0.3 ml. of each dilution was mixed with 0.3 
ml. of a solution of bovine enzyme (2.5 units per ml.) and 
incubated at 37° C. for 10 minutes. The mixtures were 
iced and 0.3 ml. of fibrinogen and 0.1 ml. of thrombin were 


2 Bovine fibrinogen was obtained through the courtesy 
of Dr. Walter Seegers. 

8 Bovine thrombin was obtained through the courtesy 
of Parke, Davis & Company, Detroit. 

Bovine fibrinolysin (plasma proteolytic enzyme) ob- 
tained through the courtesy of Parke, Davis & Com- 
pany, Detroit. 
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added. The tubes were then incubated at 37° C., and the 
clots which formed were observed for lysis. 
Determination of anticoagulant activity of plasma. The 
anticoagulant activity of plasma was tested by measuring 
its clot-retarding effect on normal blood (13). 
Determination of thrombin-inhibitory activity of plasma. 
The clotting time of equal parts of the patient’s plasma, a 
solution of bovine fibrinogen (250 mg. per 100 ml.), and 
a solution of bovine thrombin, serially diluted, was meas- 
ured at 37° C. in pyrex tubes (internal diameter, 8 mm.). 
The clotting time of this mixture was also determined, re- 
placing fibrinogen with prothrombin-deficient plasma, 
prepared by incubation with one-fifth its volume of 
powdered barium sulfate at 37° C. for 10 minutes. 


RESULTS 


Venous blood, drawn two hours after the pa- 
tient began to bleed, failed to clot in glass tubes 
within 24 hours. Platelet-deticient native plasma 
was prepared from blood drawn at the same 
time and its clotting time was determined in dupli- 
cate. Strands of fibrin appeared within 28 min- 
utes in the first tube, and clotting appeared to 
be complete 10 minutes later. This clot did not 
seem as solid as that of normal plasma, but it was 
not displaced when the tube was inverted. At 
this time, observation of the second tube was be- 
gun. No clot was seen in this second tube during 
the next 90 minutes. Eleven minutes after the 
plasma in the first tube had clotted, the clot 
lysed completely. These observations suggested 
that the patient’s plasma contained those elements 
necessary for clotting to take place within a nor- 
mal time, but it possessed excessive fibrinolytic 
activity. 

The fibrinolytic activity of plasma is due to the 
presence of a proteolytic enzyme which can also 
digest prothrombin (14) and fibrinogen. The 
possibility was studied that whole blood failed to 
clot because of the activity of this enzyme. Three 
hours and 15 minutes after the blood was drawn, 
0.1 and 0.5 ml. of a solution of bovine thrombin 
(1,000 N.I.H. units per ml.) were added, respec- 
tively, to the unclotted blood in the first and sec- 
ond tubes used to determine the clotting time. 
No clots were seen in either tube during the next 
four days. Similarly, 108 minutes after the start of 
the test for the clotting time of platelet-deficient 
plasma, the addition of 100 units of thrombin did 
not result in clotting in the second, unclotted tube. 

There are at least two interpretations of these 
experiments. Either the blood failed to clot due 
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TABLE I 


The effect of thrombin on the clotting 


time of a mixture of oxalated plasma 


and fibrinogen 


' 
+ Clotting time of a mixture of 0.1 ml. of oxalated plasma, 0.1 mle, 
+ of a solution bovine fibrinogen (containing a maximum of 250 mge 1 


+ per 100 ml.), and 0.1 ml. of a solution of bovine thrombin, 


+ serially diluted witn buffer. 


Initial Concentration 


Clotting Time 


of Thrombin 


units/ml. 


‘tpatient's Plasma 'Control Plasma ' 


18 


9 


to a deficiency in some element needed for clot- 
ting, or to the presence of something interfering 
with the action of thrombin. 

Since one of the samples of platelet-deticient 
plasma clotted, it seemed unlikely that excessive 
When 
small amounts of thrombin were added to oxalated 
plasma, the clotting time of the patient’s plasma 
was longer than that of a control plasma studied 
at the same time. The clots which formed when 
thrombin was added to the patient’s plasma dis- 
solved within five minutes, while those formed 
from normal plasma did not dissolve within the 
next 24 hours. In these experiments, the pro- 
longed clotting time of the patient’s plasma was 


thrombin-inhilitory activity was present. 


more probably related to the small amount of 
fibrinogen present than to a thrombin inhibitor. 
The clotting time of a mixture of thrombin and 
fibrinogen decreases as the concentration of fibrin- 
ogen increases until a minimum time is reached. 
To eliminate the influence of the fibrinogen con- 
centration on the clotting time, the patient's 
plasma was mixed with an equal portion of a 
solution of bovine fibrinogen and clotted with 
thrombin at 37° C. Sufficient fibrinogen was 
added to make the clotting time independent of 
its concentration. With this technique, the 
thrombin-inhibitory activity of the patient’s plasma 
was normal (Table I). Normal thrombin-inhibi- 
tory activity was also observed when the patient’s 


TABLE II 


Fibrinolytic activity 


of oxalated plasma 


Fibrinolysis (+) observed in a mixture of 0,3 ml. of oxalated 
plasma, serially diluted witn buffer, 0.3 ml. of bovine fibrinogen 
solution (maximum concentration, 330 mg. per 100 ml.) ami 0,1 al, 
of a bovine thrombin solution containing 10 u. per ml. 

was incubatea at 37°C. for 16 hours, ; 


The mixture 


SOURCE 
oF 


INITIAL CONCENTHATION OF PLASMA 


PLASMA 1/20 


1/80 1/160 


° 


1/40 


PATIENT 


+ 
+ 


« «[- « 


' 
' 
' 
' 
' 


\ 
| 
4 
4 
' ' 
— ' 
' 205 28 26 
Ges t 
~ 
4 
4 
‘ 
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plasma was mixed with normal human plasma 
from which the prothrombin had been removed. 
The foregoing observations showed that the pa- 
tient’s plasma contained fibrinogen which could 
be clotted by thrombin, and, in one of two sam- 
ples of native plasma, clotted spontaneously. 
Paradoxically, whole bloo’ failed to clot, and af- 
ter incubation at 37° C. fu. 205 minutes, did not 
clot when thrombin was added. A reasonable in- 
ference was that the fibrinogen in the patient's 
whole blood was digested by the plasma proteo- 
lytic enzyme before visible clotting took place. 
That this was likely, was demonstrated in the fol- 
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plasma was excessively fibrinolytic, the fibrinogen 
determination was repeated using native plasma 
which had been kept at O° C. or less throughout 
this period. The fibrinogen in this plasma was 
clotted with thrombin; the fibrin was kept at 
room temperature for about 20 minutes while it 
was washed. The concentration of fibrinogen in 
this second specimen was 105 mg. per 100 ml. 
Thus, the amount of fibrinogen which seemed to 
be present in the patient's plasma decreased as it 
stood at room temperature. 

The ability of the patient’s plasma to lyse fibrin 
clots was measured directly. Mixtures of bovine 


TABLE III 
Protease inhibitory activity of oxalated plasma 


Clot lysis time at 37°C. of a mixture of 0.3 ml bovine plaaa 

c enzyme solution, 0.3 ml. oxalated plasua, serially 
diluted witn buffer, 0.1 ml. bovine thrombin solution (10 units 
per ml.), and 0,3 ml. bovine fibrinogen solution (maximum concen- 
tration, 330 mg. per 100 ml.). The enzyme and plassa vere in- 
cubated at 37°C, for 10 mimtes before tne addition of thrombin 


ana fibrinogen, 


Initial Concentration of 


CLOT LYSIS TIME 


Concentration 


Plasma Proteolytic 
of Plasma Enzyme 


Patient's plasma 


Control Plasma 


u/ale 


1/100 2.5 


min. min. 


30 


1/200 2.5 


2.5 


16 


2.5 


' 
' 
T 
' 
' 
‘ 
J 


1.25 


| 
| 
| 


a@Substituted for oxalated plasma. 


lowing manner. The concentration of fibrinogen 
was measured in a sample of oxalated plasma 
which had been separated from the blood cells 
by centrifugation at room temperature. The 
fibrinogen was clotted with thrombin, and the 
fibrin washed three times with sodium chloride 
solution. Ninety minutes elapsed from the time 
the blood was drawn until the washed fibrin was 
digested with sodium hydroxide. The concentra- 
tion of fibrinogen in this sample was 39 mg. per 
100 ml. 

Two hours and ten minutes after the blood was 
drawn, when it became evident that the patient’s 


fibrinogen and varying concentrations of plasma 
were clotted with bovine thrombin, and the clots 
were incubated at 37° C. for 16 hours. The pa- 
tient’s plasma was fibrinolytic even when it was 
diluted almost 400 times (Table II). On the 
other hand, it was as effective as normal plasma 
in inhibiting the fibrinolytic activity of bovine 
plasma proteolytic enzyme (Table III), although 
this inhibition was observed only when the plasma 
was diluted beyond the point where its fibrinolytic 
activity was demonstrable. 

The patient’s blood was studied for the pres- 
ence of other defects in the clotting mechanism. 
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TABLE IV 
Effect of oxalated plasma on the clotting time of recalcified hemophilic plasma 


d 


Normal Oxalated Plasma, ml. 


4 


+ Patient's Oxalated Plasma, ml, 
Hemophilic Oxalated Plasna#, ml. 


CaClz 0.025 M 


4- 


Clotting Time (Min.) 


~ 


#The hemophilic plasma was 17 


The platelet count was 62,000/mm*. The pro- 
thrombin time was 28.6 seconds compared with a 
control of 16.8 seconds. This prolongation of the 
prothrombin time might have been due to a de- 
ficiency in prothrombin or in some other clotting 
element. The clotting time of a mixture of equal 
portions of the patient’s oxalated plasma, normal 
prothrombin-deficient plasma, thromboplastin and 
calcium chloride was 30.3 seconds, compared with 
a control of 24.6 seconds. Presumably, therefore, 
hypoprothrombinemia was present in the patient's 
plasma when the test was performed. 

The plasma proteolytic enzyme has not been 
reported to digest the substance lacking in hemo- 
philic plasma. The recalcified clotting time of 
stored hemophilic plasma was shortened almost 
as much by the patient’s plasma as by normal 
plasma (Table IV). 

None of the experiments thus far described 
suggested that the patient's plasma contained a 


circulating anticoagulant. None the less, the pa- 


days old. 


TABLE V 
Effect of patient’s native plasma on the clotting time of normal blood 


tient’s platelet-deficient plasma prolonged the clot- 
ting time of normal whole blood (Table V). This 
effect was probably due to plasma’s excessive 
proteolytic activity rather than to an anticoagu- 
lant. Twenty-four hours later, the patient’s 
platelet-deficient plasma no longer prolonged the 
clotting time of normal whole blood. 


DISCUSSION 


A hemorrhagic state due to the destruction of 
prothrombin or fibrinogen by the proteolytic 
enzyme of plasma is a very rare phenomenon. 
Tagnon, Levenson, Davidson, and Taylor (5) 
described a woman who died after a severe post 
partum hemorrhage despite transfusion of blood 
and hysterectomy. A mixture of fibrinogen and 
the patient’s plasma clotted, but the clot dissolved 
within one hour. The case of another woman 
who had a severe uterine hemorrhage associated 
with abruptio placentae was reported by Weiner, 


' Clotting time at 37°C. of 1 ml. portions of normal blood to ; 
' which was added buffer or the patient's plasma in the amounts > 
indicated. Triplicate determinations, 
‘ 
ml. Puffer ' 0.5 ml. Buffer ' 0.1 ml. Pt's ' 0.2 ml, Pt's 0.5 mle Pt's ' 
Min. ' Min, ' Min. ' Min, ' Min. ' 
' ' ' 
' 17 ' 18 ' 18 39 
' ' ' 
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Reid, and Roby (8). Six hours after the onset 
of hemorrhage, when the patient had received 
1,500 ml. of blood, a specimen of blood seemed 
to gel in six minutes but 15 minutes later was 
completely liquid and no fibrinogen could then 
be detected in the specimen. A lysin which di- 
gested a fibrin clot was demonstrable. No other 
bleeding phenomena were observed and the pa- 
tient recovered after intravenous injection of 
fibrinogen. Mathey and his associates (9) de- 
scribed five patients who died of hemorrhage dur- 
ing pulmonary lobectomy or pneumonectomy. In 
each case, hemorrhage seemed to be due to afi- 
brinogenemia caused by abnormal plasma_pro- 
teolytic activity. 

In the patient described in the present report, 
the concentration of fibrinogen was sufficiently 
high to permit clotting to take place. None the 
less, the patient’s whole blood did not clot. The 
fibrinogen in the patient’s plasma appeared to have 
been digested by the proteolytic enzyme of plasma 
before clotting occurred. The evidence that 
fibrinogenolysis actually took place im vivo is nec- 
essarily indirect. The sample of blood studied 
was obtained after the patient had been transfused 
with 3,000 ml. of blood, or almost half the normal 
circulating blood volume. If the average amount 
of fibrinogen in this transfused blood was 200 mg. 
per 100 ml. of plasma, an amount considerably 
less than the average of normal blood, then the 
specimen of blood which was studied should have 
contained almost 100 mg. of fibrinogen per 100 
ml. of plasma from the transfused blood alone. 
Actually, the concentration in this specimen was 
about 105 mg. per 100 ml. Therefore, it is likely 
that the fibrinogen in the patient’s blood was being 
destroyed or removed during life. A specimen 
of blood drawn agonally contained only 33 mg. of 
fibrinogen per 100 ml. of plasma, further evidence 
that the fibrinogen which the patient received from 
the transfused blood was being destroyed. 

The mechanism which resulted in the activation 
of the plasma proteolytic enzyme in this patient 
remains unexplained. It has been suggested that 
the cells of various tissues can activate the pre- 
cursor of the plasma proteolytic enzyme (15-17). 
As Macfarlane and Biggs (18) have pointed out, 
however, the mechanism of activation of this 
enzyme is most complex. Many diverse sub- 
stances influence the clot lysis time in the test 
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tube, but the relationship between observations 
concerning fibrinolysis in vitro and in vivo is not 
clear. 

The patient also had slight hypoprothrombine- 
mia and thrombocytopenia. Neither defect was 
of sufficient magnitude to produce her profound 
hemorrhagic state, but it is possible that they may 
have played a contributory role. 

The patient who has been described had pan- 
creatic carcinoma. The question arises whether 
the phenomena observed were not due to the ac- 
tion of trypsin which entered the circulation. 
Pancreatic trypsin will digest both fibrinogen and 
fibrin. However, trypsin promotes the clotting 
of oxalated plasma. In none of the experiments 
performed in vitro was there evidence that the pa- 
tient’s oxalated plasma would clot bovine fibrino- 
gen unless thrombin was added. Moreover, hu- 
man plasma in high dilution inhibits the lytic ac- 
tion of trypsin. Consequently, it seems unlikely 
that the hypofibrinogenemia observed in this pa- 
tient was the result of digestion by pancreatic 
trypsin. 

Treatment in the patient under study was inef- 
fective, but the pathogenesis of the hemorrhagic 
state was not recognized until she had expired. 
The transfusion of blood provides large amounts 
of the protease inhibitors of plasma, but there was 
no evidence that the patient’s blood was deficient 
in these substances. Perhaps the intravenous in- 
jection of large amounts of soy bean inhibitor 
(19) might have arrested the process, but this 
substance not only inhibits the proteolytic enzyme 
of plasma (20), but is anticoagulant as well (21), 
and its use may have substituted one cause of 
hemorrhage for another. 


SUM MARY 


A fatal hemorrhagic state was observed in a 
patient undergoing surgery for carcinoma of the 
head of the pancreas. The patient’s blood was in- 
coagulable despite the presence of appreciable 
amounts of fibrinogen. Study of the patient’s 
blood indicated that its failure to clot was asso- 
ciated with excessive plasma proteolytic activity. 
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THE HEPATIC BLOOD FLOW 
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INTRODUCTION 


Studies of blood flow and calculations of periph 
eral resistance in various vascular regions of hy 
pertensive patients have generally shown the first 
to be normal and the second to be increased. With 
the introduction of the bromsulfalem (BSP) ex 


2). it became possible to meas 


traction method 
ure the circulation in the last important unex 
plored region, namely, the hepatic-portal, which 
represents the splanchnic system exclusive of the 
renal and adrenal circuits. The purpose of this 
paper is to report the estimated hepatic blood 
flow (EHBE) and the calculated hepatic-portal 
resistance (HIPR) in a group of hypertensive as 
compared with a group of normotensive persons, 
and in some of the same hypertensive patients at 
various intervals after, as compared with before, 


surgical (usually lumbodorsal) splanchnicectomy. 


METHODS 


Phe methods were identical with those already re 
ported in studies on the effects of the upright posture (3, 
4). EHBF was measured only after all apparatus had 
heen smoothly operating and the subject) had been 
least) 20) minutes 


at 


quietly resting (recumbent ) tor 
was calculated simply 
ply 


Hepatic-portal resistance (HPR) 
by dividing the “mean” (one-half systolic plus diastolic ) 


arterial pressure by the EFHBE per second 


RESULTS 


Fable shows a statistical analysis of 
and HPR in 41 hypertensive patients as compared 
with 21 normotensive persons concurrently stud 
ied by identical methods in this laboratory. It 1s 

1 Presented in part May 5; 1947 at the Thirty-Nintl 
Annual Meeting of the American Society for Clinical In 
vestigation, Atlantic City, New Jersey (1) 
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evident that EH BE was not signiticantly ditter 
ent, whereas arterial pressure and hence HPR 
were significantly higher in the hypertensive as 
compared with the normotensive group. 

Table shows that) statistical analysis 
in 13 hypertensive patients two weeks 
after splanchnicectomy was definitely higher, and 
significantly lower than before operation 
However, as Table I1] demonstrates, in a group 
ot six hypertensive patients the increased EH BE 
and HPR returned within four to ten months af 
ter operation to essentially preoperative levels 
Figure 1] is a chart of the results in one hyper 
tensive patient studied before, and two weeks, ten 
months, and two vears after splanchnicectomy 
It illustrates the same trends as shown in ‘Tables 


I] and 


SUMMARY AND CONCLUSIONS 


1. Estimated hepatic blood flow (EHIBE) ts not 
significantly different and hepatic-portal resist 
ance (HPR) is significantly higher in hyperten 
sive than in normotensive persons. 

2. Shortly after splanchnicectomy EH BE is in 


creased and HPR is decreased as compared with 


Pre- 
operative Post- operative 
2 weeks |I0'4 mos j24% yrs 
ESTIMATED 
C 
HEPATIC 2000 
FLOW 
cc per min 1500 
per! 73sqm 
1000 

HEPATIC 
PORTAL 


RESISTANCE 6OF 


mm Hg 
perce per sec 40k 
per! 73sqm 200b 
MEAN ~o— 
ARTERIAL 
PRESSURE 
100 
mm Kg EP 


Fic. 1. CHART oF THE EFFECTS oF LtUMBOpORSAI 
SPLANCHNICECTOMY ON THE Hepatic-Portat CircuLa 
TION IN A HYPERTENSIVE PATIENT 
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TABLE 


1 comparison between the estimated hepatic blood flow (EHBF), arterial pressure, and he pati-portal resistance (HPR) 
of 21 normotensive and 41 hypertensive patients 


LH BE Mean arterial pressure 
min. 173 sq.m mm. He 


Standard 


error 


Normotensives 
ited hypertensives 
Difference 


ignitteanee of difference (P*) <O01 


values of 0.05 or less indicate statistically “signitcant’ differences; values of 0.01 or less are “highly significant.” 


! splanchnicectomy upon estimated hepatic blood flow (EHBF), arterial pressure, and hepatu- portal 
resistance (HPR) ina group of 13 hypertensive patients 


Mean arterial | 
min, 1.73 sq.m mm. Hs 


Betore operation 
Iwo weeks after operation 
Ditterence 


Significance of difference (P) 


TABLE 


Vhe late contrasted with the carly effects of splanchnicectomy on estimated hepatic blood flow (EHBF), arterial pressure, and 
he patiu-portal resistance (HPR) ina group of six hypertensive patients 


BE Mean arterial pressure 
min. 1.73 sq.m mm. 


Standard 


error 


Mean 


Before operation 1,288 76 
Iwo weeks*® after operation 1,954 227 
Four ten months after operation 1,307 126 

158 


Difference between preoperative and early post +0606 
operative 


Signiticance of difference (P) 


Difference between preoperative and late post 
operative 


Significance of ditterence (P) 0.89 


Phis includes one patient studied 94} weeks after operation 
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&5 +62 +3.3 0.5 
<0.01 
= 
ressure HPR 
4 mm. Hg sec. 
1,343 66 154 7 0.5 
1,729 147 144 6 17 0.5 
+ 386 134 —10 6 —)4 0.6 
0.01 0.13 <0.01 
HPR 
Standard Standard 
a 168 7 0 0.5 
158 7 
157 9 0.6 
—11 11 04 
<0.01 0.36 <0.01 
0.23 0.46 
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preoperative measurements in the same hyper- 
tensive patients. 

3. Within four to ten months after splanch- 
nicectomy EHBF and HPR in hypertensive pa- 


tients return to their preoperative levels. 
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Cardiette 


Poly-Viso 
Cardiette 


Although the direct-writing Viso-Cardiette 
was introduced, and completely accepted. as a cliaucal 


electrocardiwgraph, the eves of other fields — research. for 


example were soon turned to the surplus of its clinical 
recording characteristics, and the wide range of its potentialities. 
Research had been asking also for an instrument that would 
record more than one phenomena simultancously, and do so via 
the same basic design advantages of the then already popular Viso- 
Cardiette. In answer, Sanborn engineers multiplied the Viso-Cardiette 
by four, so to speak, and came up with the four-channel Poly-Viso Cardiette — 
soon to follow it. in the same manner, with the fwe-channel Twan-Viso Cardiette. 
There were also those who wanted a less elaborate instrument 
than the Viso in that they had no need for ‘cardiography, but desired all 
the recording advantages of a one-channel system. And so, the lower cost 
Viso-Recorder was designed. 
Nor was this imposing array of Sanborn recording systems long to 
go unrecognized in the field of Industry where many recording problems 
are now being solved “the Viso way.” 
Taken as a common denomiator of all the various 
Viso models in use today (both medical and industrial), 
one-channel Sanborn systems now total nearly 20.000. cce 
AMA. Council on 


Yes, the Viso-Cardiette really started something! ont 


Further information and descriptive literature EY, 
on the Viso-Cardiette, or Sanborn one-, two-, or os 
four-channel recording systems will gladly be . 
CAMBRIDGE 39, MASSACHUSETTS 
sent on request. : 
Makers of Electrocardiographs Since 1924 
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Nucleus 
of a low sodium diet 
ample in protein 


With the same generous protein content as whole milk powder, 


Lonalac contains only one fifticth of the sodium found in malk. 


Low sodium diets, which are often indi- 
cated in the management of congestive heart 
failure, hypertension, obesity in children and 
other clinical conditions, find valuable im- 
plementation in LONALAC.® 

Whereas most foods abundant in high 
quality protem contain large quantities ot 
sodium also, Lonalac has a negligible 0.02%. 

Nutritionally similar to whole milk. Lon- 
alac can be used in any way in which milk 
is used—as a beverage, as a replacement for 


cream, or in soups, white sauces, breads, 
cakes, muffins, puddings and other appetiz- 
ing dishes. 

Used to replace milk, Lonalac can be 
combined with limited amounts of meat and 
eggs, and with low sodium foods, to pro- 
vide nutritionally adequate diets contain- 
ing as little as 200 mg. of sodium daily. 

Flexible low sodium diet outlines and 
recipes employing Lonalac are available on 
request. 


LONALAC is supplied in 1 and 4 pound tins, 


MEAD JOHNSON & CO. 
EVAN 212, 1N D., Vv. S.A. 


4 
pe 
} 
A 
\ 
- 


3 
a 
4 
be 
| 
. 


DEX OF ALLERGENICITY 


Rapid response plus virtual absence of allergic 


reactions or organism resistance mark topical 


treatment of Gram-positive infections of eye or 


skin with 


OPHTHALMIC 
OINTMENT 


500 units per Gm. 
% oz. tubes 


OINTMENT 


500 units per Gm. 
oz. tubes 


Aytistotic Division, Cuas. & Co., Inc., Baooxtrs 6, N.Y. 


TERRAMYCIN 
PENICILLIN 
STREPTOMYCIN 
DIHYDROSTREPTOMYCIN 
COMBIOTIC 

BACITRACIN 

POLYMYXIN 


LANCASTER PRESS, INC., LANCASTER, PA. 
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world’s largest producer of antibiotics 


